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ooawaon,  about  1,400  feet  above  sea-level,  and  at  Macclesfield, 
Bear  Manchester,  about  1,200  feet  above  the  sea.  At  other 
phuees,  also,  similar  interstratified  beds  occur  at  lower  levels ; 
••  ftt  Wellington,  in  Shropshire,  about  500  feet  above  tide ; 
upon  the  east  coast,  near  Flamborou^h  Head,  from  300  to  400 
feet ;  and  throughout  Holderness,  at  lower  levels.  North  of 
Flamborough,  also,  the  glacial  deposits  pretty  continuously 
show  a  threefold  division,  consisting  of  two  strata  of  till  sepa- 
rated by  stratified  material,  but  the  deposits  here  nowhere  rise 
more  than  400  or  600  feet  above  the  sea. 

But  in  view  of  accumulating  facts  concerning  the  stratifica- 
tion that  takes  place  about  the  margin  of  a  great  glacier  whose 
front  is  subject  to  temporary  oscillations,  interglacial  stratified 
beds  cease  in  themselves  to  be  evidence  either  of  absolutely 
distinct  glacial  epochs  or  of  subsidence.  The  occurrence  of 
unbroken  salt-water  shells  in  some  of  these  de])osit8  appears 
more  nearly  like  positive  proof.  It  would  seem,  however, 
that  even  this  must  now  be  regarded  not  only  as  questionable 
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IB  itself,  but  as  connected  with  a  theory  which  creates  greater 
difficulties  than  il  explains. 

As  long  ago  as  l874  Mr.  Belt*  and  Mr,  Goodchildf  sug- 
gested that  the  eea  Bhelis  in  queetion  may  have  been  pushed 
up  from  the  bottom  of  the  sea,  like  other  pebbles,  by  the 
advance  of  the  glacial  carrent.  In  1881  Mr.  Clement  ReidJ 
also  favored  the  snggestion,  while  a  little  later  Prof.  H.  Gar- 
vill  Lewis  took  up  the  theory  and  advocated  it  with  great 
vigor.§  Prof.  Lewis's  advocacy  is  the  more  significant,  in 
view  of  the  fact  that,  in  the  light  of  his  experience  in  con- 
ducting with  me  the  survey  of  the  glacial  boundary  in  Penn- 
sylvania, be  had  just  devoted  two  years  to  a  survey  of  the 
^cial  boundary  m  Ireland,  Wales,  and  England.  But  bis 
sudden  deatli  interrupted  both  the  further  held  work  which 
he  was  proposing  and  the  complete  digestion  and  publication 
of  the  extensive  field  notes  already  taken. 

Investigation,  however,  has  not  flagged  since  Prof,  Lewis's 
death,  and  the  opportunities  for  collecting  additional  informa- 
tion in  a  visit  which  I  made  to  England  for  that  purpose  last 
summer,  have  been  largely  due  to  the  interest  aroused  by  his 
work.  For  the  facts  now  presented  I  am  indebted  not  only  to 
the  papers  enumerated  below,]]  but  in  special  degree  to  the 

"  Nature,  May  K,  1874.  f  Geological  Magazine,  1874,  p.  496. 

f  Groldgical  Uagazine.  1881,  p.  236. 

§  ProceedingBoCtheBritiah  AssociBtion  for  1888  and  1887. 

I  Diigald  Bell,  PhenomcDB  of  thi^  Glacial  Epoch  (Transaction a  of  the  Geological 
Society  of  Glasgow,  1809);  J.  H.  Blake.  On  the  Age  and  Relation  of  the  so-called 
"Forest-Bed"  of  tlie  Norfolk  and  Suffolk  Coast  (nddre^iH  at  the  Annicersaiy 
Meeting  of  the  Norwich  Geological  Societj,  Nov.  2,  1880);  11.  W.  Crossltey  and 
David  Robertson,  The  Post-Tertiary  Fosaihferous  Beds  of  Scotland;  XV — Jordan. 
hill  Brickworks,  and  XX— Kylea  of  Bute  {Transactions  of  ibc  Geological  Society 
ot  Glasgow,  voIb  iv  and  v);  H.  W.  Crosskcy,  On  a  Sfcliuii  of  (ikciul  Drift 
receTitii  .  ■  ■\-\   Sireut,  Birmiugbaiii,  iiiii     .  :■■  "il  Geol- 
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personal  attention  of  Dr.  Crosakey  and  Mr.  Martin,  of  Bir- 
mingham ;  of  Mr.  Kendall,  of  Stockport,  and  various  members 
of  the  Northwestern  Boulder  Committee,  of  which  he  is  presi- 
dent, and  of  Mr.  Lamplugh  of  Bridlington, — all  of  whom  have 
kindly  accompanied  me  to  the  typical  exposures  of  glacial  de- 
posits in  the  vicinities  where  they  reside.  The  aid  of  Dr. 
Crosskey  was  specially  important  from  the  fact  that  he  had 
just  completed  the  editing. of  Professor  Lewis's  field  notes, 
which  are  soon  to  be  published.  For  Mr.-  Kendall's  views  I 
am  further  indebted  to  a  systematic  statement  of  the  facts 
which  he  has  prepared  for  me  to  be  used  as  a  chapter  in  a 
volume,  on  "  Man  and  the  Glacial  Period,"  which  is  soon  to  be 
published  in  the  International  Scientific  Series. 

At  the  outset  the  theory  of  deep  interglacial  submergence  to 
account  for  the  shell-beds  of  Moel  Tryfaen  and  Macclesfield 
encounters  many  most  formidable  objections :  Ist.  The  subsi- 
dence must  have  been  one  which  affected  the  north  of  Wales 
and  central  England,  without  affecting  the  region  south  of  the 
Bristol  Channel  and  the  Thames ;  for  confessedly  there  are  no 
marks  of  subsidence  or  of  glaciation  over  that  area.  2d. 
There  is  in  other  places  a  remarkable  absence  of  marks  of  sub- 
sidence over  the  northern  part  of  the  center  of  England, 
where  it  is  supposed  to  have  been  the  greatest.  This  is  the 
more  notewortny,  since  in  the  glaciated  region  farther  north 
kames  abound,  while  at  Glen  Roy,  a  prominent  feature  in  the 
landscape  is  the  beaches  formed  during  the  existence  of 
temporary  glacial  lakes,  showing  that  the  time  which  has 
elapsed  since  the  glacial  period  lias  been  too  short  to  permit 
such  features  to  be  obliterated.  But  throughout  all  England 
there  is  a  conspicuous  absence  both  of  such  beach  lines  at  high 
levels  and  of  any  other  marks  which  would  have  been  left  by 
a  sea  margin  had  it  continued  for  any  appreciable  time  at  the 
level  of  the  shell-beds  under  consideration.  3d.  This  is  still 
more  remarkable  from  the  fact  that  the  Pennine  Chain  is  jiot 
more  than  25  or  30  miles  wide  from  east  to  west,  and  east  of 

at  Hilderthorpe  (Proceedings  of  the  Yorkshire  Geological  and  Polytechnic  Society, 
1887);  D.  Mackintosh,  On  High-Level  Marine  Drifta  (Quarterly  Journal  of  the 
Geological  Society,  1881,  pp.  351-369):  Fred  W.  Martin,  On  Some  Sections  of  the 
Drift  between  Soho  and  Perry  Barr,  near  Birmingham  (Proceedings  of  the  Birming- 
ham Philosophical  Society,  vol.  iv,  part  II,  pp.  364-370);  First  Report  upon  the 
Distribation  of  Boulders  in  South  Shropshire  and  South  Staffordshire  (Proceedings 
of  the  Birmingham  Philosophical  Society,  vol.  vi,  part  I) ;  Aubrey  Strahan,  On 
the  Glaciation  of  South  Lancashire,  Cheshire,  and  the  Welsh  Borders  (Quarterly 
Journal  of  the  Geological  Society,  1886);  C.  Reid,  Geology  of  llolderness  and  of 
Cromer  (Greol.  Survey) ;  Woodward's  Geology  of  England  and  Wales  is  a  storehouse 
of  accurate  information  upon  this  as  upon  all  other  subjects  of  which  it  treats;  R. 
M.  Deeley,  The  Pleistocene  Succession  in  the  Trent  Basin  (Quarterly  Journal  of 
the  Geological  Society  for  November,  1886);  G.  W.  Lamplugh,  On  the  Drills  of 
Flamborough  Head  (Quarterly  Journal  of  the  Greological  Society  for  August,  1891). 
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Macclesfield  there  is  an  entire  abBence  npon  its  flanks  both  of 
glacial  depoEJts  and  of  beach  lines.  4th.  The  shell-beds  are 
strictly  confined  not  only  to  the  area  wliicli  was  demonstrably 
covered  by  glacial  ice,  bnt  to  those  more  limited  areas  whicD 
were  reached  by  ice  that  is  known  to  have  moved  in  ite 
way  over  shallow  sea  bottoms.  5th.  The  assemblage  of  shells 
is  not  sncti  as  could  have  occurred  in  one  place  in  the  ordinary 
course  of  nature.  There  are  associated  together  in  these  de- 
posits cold-water  forms  with  warm-water  forms,  rock-haunting 
species  with  sand-  or  mud  loving  species,  and  in  no  case  has  a 
shell  been  found  in  these  beds  with  its  valves  in  apposition. 

An  interesting  illiietration  of  this  latter  point  is  brought  out 
in  Mr.  Kendall's  paper  "  On  the  Occurrence  of  Nuas'i  serrata 
Brocchi,  in  the  Glacial  Drift  of  the  Northern  Shore,  liamsey, 
Isle  of  Man."  This  mollusk  is  now  characteristic  of  the  Medi- 
terraneah  Sea,  and  cannot  endure  even  the  present  temperate 
climate  of  the  Irish  Channel,  yet  specimens  of  it  are  fonud  in 
the  glacial  deposits  on  the  Isle  of  Man.  It  is  in  the  highest 
degree  improbable  that  this  mollusk  could  have  lived  where  it 
was  found  under  any  conditions  that  have  lieeu  supposed  to  exist 
since  the  close  of  the  Tertiary  period.  The  theory  that  it  was 
transported  from  the  remains  of  Pliocene  beds  on  the  shallon' 
hottont  of  the  Irish  Sea  is  certainly  the  moat  natural  if  only 
one  can  grant  that  it  is  conceivable.  Other  shells  fonnd  in  the 
glacial  deposits  in  Northwestern  England  and  Wales  almost  as 
much  out  <jf  place  are  Cytherea  chmie  L,  Mitra  sp.,  and 
TiitTitfUu  iriplicata  Brocchi.  It  is  worthy  of  note,  also,  that 
Prof.  Edward  Forbes  early  called  attention  to  the  fragmentary 
condition  of  the  shells  in  the  beds  of  the  northwest  of  England, 
and  to  their  general  distribution  through  the  till.  Speaking 
of  the  Moel  Tryfaen  shells  he  Ba3'3:  "I  have  lately  examined 
them   cart'fuUv  "'ith  a  viuw  to  see  wlietiii^r  tlicv  indicate 
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were  several  feet  of  till  overlying  the  sand,  and  a  thin  stratum 
of  gravel  at  the  junctioD  of  the  two.  In  this  gravel  Mr. 
Baldwin  discovered  several  slightly  worn  shells  and  on  further 
examination  forty  or  fifty  well-preserved  specimens  were 
brought  out.  All  these  were  identified  by  Dr.  Crosskey  as 
belonging  to  species  now  common  on  the  English  coast.  The 
elevation  above  the  sea  would  vary  only  a  little  from  500  feet. 
A  few  miles  from  the  same  locality,  at  an  elevation  above  the 
sea  of  about  700  feet,  Dr.  Crosskey  had  previously  discovered 
in  the  glacial  deposits  other  shells  which  were  of  a  decidedly 
arctic  type.  It  is  extremely  improbable  that  both  could  have 
lived  in  that  locality  amid  the  conditions  involved  in  the  in- 
terglacial  hypothesis,  as  the  temperature  which  would  be 
favorable  to  one  would  be  destructive  to  the  other.  But  on 
the  supposition  that  both  had  lived  and  died  in  succession 
upon  the  bottom  of  the  Irish  Sea,  and  then  had  been  trans- 
ported by  the  moving  ice  to  near  their  present  position,  where 
the  till  was  subjected  to  temporary  water  action  sufficient  to 
sort  out  a  portion  of  its  material,  everything  is  intelligible  and 
consistent. 

Various  reports  have  also  come  from  Scotland  of  arctic  shells 
in  glacial  deposits  at  some  distance  above  sea-level.  Those 
found  near  Airdrie  have  been  most  written  about,  and  were 
the  highest  reported,  being  510  feet  above  the  sea.  But  closer 
examination  shows  that  they  also  may  be  explained  in  accord- 
ance with  the  theory  of  Professor  Lewis.  This  Sir  Archibald 
Geikie  practically  admits  in  the  second  edition  of  his  *' Text- 
book of  Geology,"  saying  that  *'the  layer  containing  them  may 
have  been  transported  by  an  ice-sheet"  (pp.  897,  902).  Mr. 
Dugald  Bell  informs  me  that  after  carefully  examining  all  the 
alleged  instances  of  elevated  shell-beds  in  the  glacial  deposits 
of  Scotland,  there  is  no  clear  proof  of  any  glacial  submergence 
of  more  than  200  or  300  feet,  and  the  evidence  for  even  that 
amount  is  questionable. 

As  to  the  conceivability  of  the  transportation  of  shells  in 
the  till,  many  significant  facts  have  recently  been  brought  to 
light  The  till  in  the  vicinity  of  the  shell  beds  mentioned,  and 
in  other  places  where  the  ice  has  moved  inland  from  the  sea- 
bottom,  contains  a  great  number  of  shell  fragments  indiscrimi- 
nately mixed  with  the  mass.  I  have  even  seen  in  a  mass  of 
boulder  clay  the  half  of  a  bivalve,  with  its  cavity  filled  with 
sand,  which  had  kept  its  place  under  the  shell  as  it  was  shoved 
along;  thus  serving  to  protect  it  from  being  crushed.  As 
long  ago  as  1884,  Mr.  Lamplugh,  in  examining  the  dry  dock 
which  was  then  being  excavated  in  Esquimault  Harbor,  Van- 
couver, discovered  evidence  that  most  of  the  glacial  shells 
which  were  found  in  the  drift  there  had  "  been  pushed  up  into 
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the  enlley  by  ice  id  its  paBBage  goatliward  across  the  harbor," 
for  they  were  so  scattered  through  the  unatratified  maas  that  it 
was  impossible  to  draw  a  line  between  the  shelly  and  the  shell- 
lees  clay.*  In  the  glacial  dtiposita  surmoaiiting  the  chalk  cliffs 
near  Flamborough  Head,  Mr.  Lamplugh  showed  me  elongated 
masBes  of  sandy  material  containing  well-preserved  shells,  bnt 
which  were  included  in  till,  and  had  evidently  been  drawn  out 
by  the  shearing  movement  to  which  the  whole  mass  was  sab- 
jected.  There  could  be  little  question  that  in  this  instance  the 
mass  had  in  some  way  been  pushed  up  from  the  sea  bottom  by 
the  same  ice-movement  which  had  carried  thither  the  rest  of 
the  till.  Here  the  elevation  was  between  20Ci  and  300  feet, 
and  I  see  no  reason  why  tlie  canscs  operating  to  produce  that 
amount  of  movement  and  elevation  might  not  under  favorable 
conditions  have  transported  similar  masses  to  the  elevation  of 
the  shell-beds  at  Moel-Tryfaen. 

In  recent  speculations  upon  the  movement  of  ice  too  exclu- 
sive attention  has  been  given  to  its  analogies  with  the  motion 
of  a  semi  Auid,  forgetting  that  under  a  mechanical  thrust  ice 
moves  like  a  solid,  and  msy  plough  up  and  push  along  before 
it  whatever  ie  in  its  way.  Indeed,  as  I  recall  the  phenomena 
at  Mnir  glacier,  I  feel  confident  that  this  is  what  is  taking 
place  on  the  bottom  of  the  inlet.  A  large  number  of  the  ice- 
bergs are  formed  by  the  falling  off  of  the  precipitous  ice-front, 
owing  doubtless  to  the  fact  that  in  the  ordinary  motion  of  the 

f lacier  the  upper  strata  move  faster  than  the  lower.  At  times 
saw  such  masses  break  off  in  columns  more  than  250  feet  in 
height,  and  extending  below  the  surface  of  the  water,  but  the 
fractures  did  not  reach  to  the  bottom  of  the  ice,  for  occa- 
sionally an  immense  mass  in  front  of  the  ice-wall  would  rise 
bodily  out  of  the  depths  of  the  water,  bringing  up  much  dirt 
This  ]iroji^cliiig  fntil  of  the  ioti  may  ptiihape   have 
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by  the  southerly  retreat  of  the  Pliocene  fauna  and  the  incom- 
ing of  subarctic  and  arctic  species;  so  that  shells  of  diverse 
nature  became  commingled  all  over  the  bottom  of  the  Irish 
and  North  Seas.  Scandinavian  glaciers  advanced  over  the 
shallow  North  Sea  till  they  reached  the  shores  of  England  at 
Flamborough  Head,  where  they  were  met  by  the  glaciers  that 
had  been  slowly  coming  down  from  southeastern  Scotland  and 
northeastern  England.  This  latter  movement  of  the  ice  was 
compelled  to  hug  the  shore  by  the  Scandinavian  glacier,  and 
its  boulders  are  found  only  as  far  south  as  Flamborough  Head. 
The  Scandinavian  movement  reached  pretty  generally  to  the 
line  extending  from  Flamborough  Head  to  London. 

Contemporaneous  with  this  movement  over  the  North  Sea, 
glaciers  began  to  push  out  in  all  directions  from  the  northern 
part  of  Wales,  having  their  center  in  the  broad  elevated  area 
of  the  Arenig  mountains  about  twenty  five  miles  southeast  of 
Snowdon.  Towards  the  east  this  movement  extended  across 
Shropshire  and  the  southern  part  of  Staffordshire  to  a  line  ex- 
tending from  Litchfield,  through  Birmingham,  and  Broms- 
grove  to  the  Severn  Valley.  But  meanwhile  a  more  powerful 
ice-movement  was  under  way,  originating  in  the  snowfields  of 
Eastern  Ireland,  Southwestern  Scotland,  and  the  Lake  District 
in  England.  The  glaciers  from  these  centers,  meeting  in  the 
Irish  Sea,  advanced  to  the  north  shore  of  Wales,  and  in  divided 
currents  passed  over  Anglesey  on  the  west,  and  on  the  east 
through  tne  broad  Vale  of  Chester  which  separates  the  Welsh 
Mountains  from  the  Pennine  Chain  by  a  distance  of  60  or  70 
miles.  Immense  quantities  of  Scotch  and  Lake  boulders  were 
thus  transported  into  the  valley  of  the  Severn  as  far  as  Wolver- 
hampton, about  half  way  between  Wellington  and  Birmingham. 
This  northern  ice  seems  to  have  predominated  over,  and 
pushed  aside,  the  weaker  movement  from  the  Welsh  Moun- 
tainsy  which  had  deposited  the  band  of  boulders  just  mentioned, 
extending  from  Litchfield  to  Bromsgrove.  I  shall  be  surprised 
if  future  explorations  do  not  reveal  Welsh  boulders  under- 
neath the  Scotch  drift,  so  extensively  developed  near  Wolver- 
hampton. It  is  in  this  northern  drift  that  the  shell-bed 
discovered  by  Mr.  Baldwin  at  Wellington  occurs. 

The  triple  stratification  spoken  of  as  characterizing  the 
marginal  deposits  near  Flamborough  Head,  and  in  Lancashire 
and  Shropshire,  need  not  necessitate  anything  more  than  a 
local  recession  of  the  front,  followed  by  a  subsequent  corres- 
ponding advance.  Indeed,  it  is  evident  that  the  problems  of 
the  glacial  margin  in  England  closely  resemble  those  in  the 
United  States,  and  Professor  Lewis's  observations  require  the 
same  corrections  for  the  personal  equation  in  England  that  we 
have  had  to  make  for  him  in  America, — corrections  which  he 


8  Wright — Theory  of  an  InUrglacial  Submergence, 

liimself  had  begun  to  make  at  the  time  of  his  lamented  death. 
When,  in  1880,  Profeeeor  Lewis  conducted  the  glacia)  snrrey 
of  Pennsylvania  with  me,  we  were  laboring  under  the  mistaken 
idea  that  the  margin  of  llie  glaciated  area  was  everywhere 
marked  by  a  pronoonced  terminal  moraine,  and  we  did  not 
pay  sufficient  attention  to  the  so-called  "fringe"  of  glacial 
deposits  which  nearly  everywhere  extends  a  greater  or  less 
distance  in  front  -of  the  moraine.  In  my  own  stihsequent 
work  west  of  Pennsylvania  I  devoted  my  main  efEorts  to  the 
determination  of  tlie  boundary  of  this  fringe,  leaving  the 
interior  moraines  to  be  filled  at  leisnre.  The  correction  of  onr 
determinations  which  has  been  made  by  Mr,  Max  Foshay  in 
Western  Pennsylvania,  and  that  by  Messrs.  Salisbury  and 
McGee  of  Professor  Cook's  work  in  New  Jersey,  had  already 
been  foreshadowed  both  by  Professor  Lewis  and  by  myself,* 
but,  as  we  rightly  supposed,  nowhere  in  Pennsylvania  and 
New  Jersey  does  the  fringe  extend  many  miles  south  of  oor 
moraine. 

In  England  Professor  Lewis's  moraine  as  reported  to  the 
British  Association  needs  a))OHt  the  same  correction  to  deter- 
mine the  extreme  limits  of  the  ice  as  is  reqnired  in  Penn- 
sylvania. Almost  everywhere  in  England  there  was  a  fringe 
of  glacial  debris  in  front  of  Lewis's  moraine,  but  in  England 
no  more  than  in  America  does  it  seem  to  be  necessary  to 
interpret  this  fri^e  as  the  remnants  of  an  earlier  and  distinct 

?lacial  period.  Tne  close  conformity  of  the  hoiindary  of  the 
ringe  to  that  of  the  more  pronounced  glacial  deposit  seems  to 
point  clearly  to  the  operation  of  a  common  canse ;  for  it  would 
seem  in  the  highest  degree  improbable  that  two  distinct  glacial 
periods  should  so  closely  correspond  in  the  marginal  line  of 
their  deposits.  Certainly  we  should  not  make  this  supposition 
except  m  the  presence  of  facta  which  will  not  allow  oi  a 
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Akp.  II. — The  Permian  of  Texas ;  by  Ealph  S.  Tarr. 

From  the  time  of  the  publications  of  Marcou  and  Shumard  on 
B  Geology  of  the  Southwest  to  the  present,  the  existence  of 
irmian  in  Texas  has  been  reportea  by  various  observers. 
iny  have  doubted  its  existence,  but  Prof.  C.  A.  White*  has 
ought  forward  conclusive  evidence  on  this  point  and  it  is 
t  now  doubted  that  a  large  part  of  Texas  is  occupied  by 
irmian  beds.  Much  remains  to  be  done  in  this  region  before 
B  distribution  of  these  strata  through  space  and  time  is  thor- 
ghly  understood.  In  the  first  and  second  annual  reports  of 
B  Texas  Geological  Survey,  Mr.  W.  R  Cummins  has  added 
iny  facts  of  interest  to  our  knowledge  of  the  Permian  of 
jxas,  which  he  estimates  to  have  a  thickness  of  fully  five 
Dusand  feet. 

A  detailed  study  of  the  Carboniferous  beds  beneath  the 
jrmian,  both  in  the  eastern  and  western  side  of  the  basin, 
d  a  reconnoissance  trip  across  the  Permian  deposits  are  the 
sis  for  the  following  remarks  upon  the  Permian,  the  excuse 
p  their  publication  being  the  limited  information  on  hand  in 
^rd  to  this  formation. 

The  Permian  of  Texas  occupies  a  broad,  gentle  syncline  in 
e  Carboniferous,  the  western  arm  being  a  part  of  the  Rocky 
ountain  uplift.  Its  present  boundaries,  and  consequently 
former  extension,  have  not  been  ascertained.  Many  hundred 
aare  miles  are  covered  by  these  strata  in  the  sub-humid  and 
id  belt  of  central  Texas,  the  Pecos  River  forming,  approxi- 
itely  the  western  boundary,  while  on  the  east  the  strata  do 
i  extend  much  farther  than  Abilene. 

In  lithologic  character  the  strata  are  distinctive  and,  except 
ar  the  contact,  not  to  be  confounded  with  the  Carboniferous, 
ley  are  chiefly  beds  of  clay,  sandstone  and  conglomerate, 
•ikingly  red  in  color.  Limestone  beds  also  occur,  these 
ually  being  a  pale  gray,  quite  characteristic,  though  often 
lined  on  the  surface  by  the  red  clay  from  the  red  beds.  In 
dition  to  these  strata  there  are  beds  of  gypsum  and  of  salt, 
d  in  the  center  of  the  district  all  the  water  is  rendered  unpal- 
able  by  the  presence  of  these  salts.  Most  of  the  beds  are 
ifossiliferous,  but  Dr.  White  has  described  thirty-two  species 
invertebrate  fossils  from  the  Texas  Permian,  and  Prof. 
)pe  fifty-seven  species  of  vertebrates.  It  is  upon  this  basis 
at  the  oeds  have  been  referred  to  the  Permian. 
It  is  the  object  of  this  paper  to  indicate  the  sequence  of 
ents  which  ha,ve  led  to  deposition  of  the  Permian  beds  in 

♦  Am.  Nat.,  xiiii,  p.  109,  Feb.,  1889. 
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this  district.  The  Carboniferons  rocks  of  central  Texas  bave 
been  divided  by  the  writer*  into  live  divisions,  based  npon 
]ithological  and  faiinal  cbaraOtenBtice,  as  follows:  Richland 
Sandstone,  Milbum  Shales,  Brownwood  Limestone,  Waldrip 
Coal  Measures,  Coleman  Limfestone  and  Clays.  -The  history 
here  indicated  is  one  of  gradnal  submergence  until  tlie  time  of 
the  Brownwood  limestone,  (ben  an  emergence  continaed 
through  the  time  of  the  Coleman  strata,  which  are  infra-littoral 
beds.  The  Brownwood  beds  contain  the  typical  marine  fossils 
of  the  Carboniferous,  tlie  Waldrip  coal  measures  combine  with 
these  the  land  flora,  and  these  conditions  continue  into  the 
Coleman  beds. 

The  latter  are  the  highest  of  the  Carboniferous  strata  and 
near  the  Permian  have  less  cliaracter  than  lower  down.  The 
series  consists  of  alternatinir  beds  of  limestone  and  clays  and 
the  presence  of  clay  is  everywhere  evident,  even  in  the  purest 
limestones.  Shore  lines,  proved  by  ripple-marks,  reptile  tracks, 
coal  seams  and  other  signs,  show  that  at  this  time  the  Carbon- 
iferous beds  were  in  part  subjected  to  denudation.  It  is  prob- 
able that  the  denudation  of  these  rocks  was  in  large  measure 
the  source  of  supply  of  the  clays  of  the  Coleman  beds,  and  the 
unconsolidated  nature  of  the  coastal  strip  accounts  for  the 
general  absence  of  conglomerates  and  sandstones. 

The  shallowness  of  the  water  and  its  muddy  character  gave 
rise  to  or  permitted  the  extension  of  a  new  fauna  into  the  sea£. 
That  the  clear  water  animals  which  aided  in  the  formation  of 
the  Brownwood  limestone  still  existed  in  the  neighborliood  is 
well  proved  by  tlieir  frequent  recurrence  in  certain  purer  beds 
of  limestone  in  the  Coleman  series.  They  were  temporarily 
forced  out  by  changed  conditions  and  again  and  again  allowed 
to  return.  This  repeated  alternation,  both  lithologic  and  fan- 
nal,  is  characteristic  of  the  Coleman  beds,  but  the  predomi- 
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The  Permian  occupies  the  basin  between  these  two  Carbon- 
iferons  areas,  which  are  several  hundred  miles  apart,  the  basin 
being  a  syncline  formed  by  the  west  dipping  Carboniferous  of 
the  east  and  the  east  dipping  rocks  oi  the  Guadalupe  and 
other  mountains  of  western  Texas.  The  Permian  strata  are 
themselves  folded  into  a  very  gentle,  almost  imperceptible, 
syncline,  being  almost,  if  not  quite,  conformable  to  the  gently 
dipping  Carboniferous  beds  on  which  they  lie. 

The  line  separating  the  Carboniferous  from  the  Permian  on 
the  east  is  very  indistinct,  being  traceable  only  with  diflSculty. 
Mr.  Cummins  reports  an  overlap  or  slight  unconformity  at  this 
contact,  though  its  exact  value  is  not  determined  as  yet. 
Where  seen  by  the  writer  there  seemed  to  be  an  almost  imper- 
ceptible gradation  from  upper  Coleman  to  Permian.  Small 
overlaps  abound  in  the  Coleman  series  and  it  is  possible  that 
the  overlap  reported  by  Mr.  Cummins  has  but  slightly  more 
value,  though  this  is  suggested  only  tentatively. 

The  facts  stated  above  show  in  later  Carboniferous  times  a 
shallow  water  condition  at  points  several  hundred  miles  apart. 
In  the  east,  in  particular,  the  conditions  are  those  of  a  shallow 
sea  skirt  by  newly  made  land  of  unconsolidated  strata.  It 
cannot  be  affirmed  from  the  evidence  at  hand  that  this  was  a 
Mediterranean  sea,  but  indications  point  to  that  conclusion. 
The  great  extent  of  similar  beds,  in  both  central  and  west 
Texas,  are  rather  against  the  supposition  of  estu^rine  condi- 
tions. I  conceive  for  this  perioa  a  condition  not  unlike  that 
of  the  present  Gulf  of  Mexico.  The  Paleozoic  and  pre-Paleo- 
zoic  core  of  central  Texas  was  skirt  with  the  recently  added 
coastal  strip  of  Carboniferous  strata,  and  the  connection  with 
the  Arkansas  and  Indian  Territory  mountains  was  complete. 
What  formed  the  enclosing  barrier  on  the  south  and  west  we 
have  no  means  of  knowing  in  the  present  meagre  knowledge 
of  the  geology  of  these  regions. 

This  is  not  pure  unconfirmed  conception,  for  the  subsequent 
events  of  Permian  time  point  quite  conclusively  to  this  explan- 
ation. That  the  Permian  in  its  most  typical  development  was 
a  completely  enclosed  sea  is  proved  beyond  a  doubt  by  the 
nature  of  its  beds.  In  no  other  way  can  the  numerous  layers 
of  gypsum  and  salt  be  accounted  for.  The  redness  of  the  clay 
and  sandstone  beds  is  then  easily  explained,  though  for  this 
other  explanations  are  possible.  The  peculiar  sickly  gray  color 
of  the  limestone  is  that  of  an  inland  sea  deposit,  the  remarka- 
ble absence  of  fossils  in  most  of  the  beds  points  to  the  conclu- 
sion already  drawn,  and  the  abundance  of  vertebrate  fossils  of 
land  and  inland  sea  types  is  thus  readily  accounted  for.  The 
presence  of  extensive  conglomerates  with  very  large  pebbles 
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derived  from  points  as  far  distant  as  the  Indian  Territory, 
Beeiu  hardly  capable  of  origin  except  in  an  inland  sea  with  i 
tolerably  arid  cliniate.  or  else  by  glaciation. 

The  Permian  was  undoubtedly  deposited  in  an  inland  sea  in 
which  salt  and  gypsum  were  also  deposited.  The  email  break, 
if  any  exists,  between  the  Permian  and  Carboniferous,  shows 
that  in  point  of  time  these  two  formations  were  immediately 
associated,  the  one  succeeding  the  other.  This  gradation  is 
also  proved  by  the  fossils.  One  of  the  distinctive  Permian 
types,  Pleiirophoraa,  occurs  in  the  Coleman  beds,  while  the 
same  species  of  Bellerophon,  Myalina  and  others,  are  common 
to  tlie  two  series  of  lieds.  The  Permian  conditions  are,  there- 
fore, foreshadowed  in  the  Carboniferous,  and  probably,  also, 
the  conditions  which  culminated  in  Permian  times  in  the 
completely  enclosed  dead  sea  were  in  Coleman  times  indicated 
by  the  gathering  in  of  shore  lines  and  the  partial  enclosure  of 
a  Mcditen-aiiean  sea.  The  change  of  fauna  from  Carboniferous 
to  Permian,  and  also  the  close  resemblance  of  the  two  in  many 
respects,  as  well  as  their  wide  divergence  in  others,  may  b* 
thus  explained.  An  enclosed  sea  wonid  destroy  some  species 
and  admit  of  the  introduction  of  others  to  meet  the  changed 
conditions.  A  temporary  destruction  of  some  part  of  the 
barrier  might  admit  marine  types  which  in  the  lapse  of  time 
may  have  changed  to  new  ty|)es. 

In  summary  it  may  be  said  that  the  object  of  this  paper  ib 
to  show  that  the  Permian  of  Texas  is,  like  other  areas  of 
Permian,  such  as  those  in  Europe,  a  deposit  in  large  measare 
made  in  an  inland  sea,  at  certain  times  in  its  history  a  dead 
seiL  This  condition  was  foreshadowed  in  later  Carboniferous 
times  not  only  in  the  litbologic  nature  of  the  strata  and  in  the 
fauna,  but  also  in  the  topographic  conditions,  the  later  Car- 
bonifL^roue  being  in  all  probability  deposited  in  a  MedUerranean 
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.  III. — The  Chemical  Composition  of  lolite ;  by  O.  C. 

Farrington. 

)  is  well  known  the  formula  of  iolite  has  never  been  satis- 
rily  established.  This  is  chiefly  for  the  reason  that  the 
of  oxidation  of  the  iron,  in  the  analyses  hitherto  pub- 
d,  has  not  been  determined.  Stromeyer,*  Gmelinf  and 
tz,t  who  made  the  earlier  analyses,  regarded  the  iron  as 
>xide.  Scheerer,§  however,  in  1846,  in  connection  with 
^888  of  iolite  from  Kraeero,  urged  that  it  was  more  proba- 
>resent  as  sesquioxide,  his  reason  being  stated  as  follows : 

>aB  Verhaltniss  des  Sauerstoifs  der  Kieselerde  zu  dem  der 
erde  and  za  dcm  der  1  und  1  atomigen  Basen  ergiebt  sich 
ach  wie  :  §126*20  :  ^1 15*26:^1 5*48  wenn  man  namlich  an- 
it,  dass  die  gerin^e  Meiige  Eisen  als  Oxydul  in  Mineral 
inden  sei.  Diess  dttrfte  aber  schwerlich  der  Fall  sein,  da  der 
'sirte  Cordierit  fast  vollig  farblos  war  und  auch  nicht  den 
igsten  Stich  ins  Griinliche  zeigte,  wiihrend  es  bekannt  ist, 

verh&ltissmassig  sehr  kleine  Quantitaten  Eisenoxydul  hin- 
end  sind,  um  einen  (nicht  pulverformigen)  Silicate  eine  deut- 
grttne  Farbe  zu  ertheilen,  sobald  diess  nattirlich  nicht  durch 
re  farbende  Substanzen  verhindert  wird.  Nimmt  man  daher 
ss  mit  mehr  Recht  das  Eisen  in  Zustande  des  Oxyds  an,  so 

das  Sauerstoffverhaltniss  Si26'20  :fi  1564  :  fe5-26." 

lis  conclusion  of  Scheerer  has  been  accepted  by  most  later 
3r8.  Rammelsberg,!!  regarding  the  iron  as  sesquioxide, 
ices  the  generally  accepted  formula,  2MgO,  211,0,,  5SiO„ 
»ugh  the  ratios  are  not  very  satisfactory.  He  also  suggests 
R,SigO„  as  a  possible  formula.  Water  seems  to  have  been 
garded. 

t  the  locality  in  Guilford,  Conn.,  recently  described  by 
E.  O.  Hovey,T^  iolite  occurs  as  stated  by  him,  as  a  constitu- 
)f  the  rock  mass.  This  locality  was  visited  by  the  writer, 
it  was  also  found  that  veins  of  more  coarsely  crystalline 
irial,  running  through  the  gneiss,  contained  the  mineral  in 
IS  as  large  as  a  walnut  and  even  in  pieces  of  sufficient  size 
land  specimens.  These  large  grains  are  very  clear  and 
jparent,  and  show  none  of  the  tendency  to  alteration  so 
acteristic  of  the  iolite  from  other  localities. 
le  exceptional  purity  of  this  material  led  the  writer  to 
B  a  chemical  analysis  of  it,  and  care  was  taken  to  use  only 
3  grains  which  were  perfectly  clear  and  showed  the  charac- 

liters.,  Rg.  Min.  Ch.      \  Schwgg  J.,  xiv,  316.      %  Pogg.  Ann ,  liv,  p.  565. 
ogg.  Ann  ,  Ixviii,  p.  319.  |  Mineralcbemio,  1875,  p.  652. 
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teristie  pleochroiem  of  the  mineral.  A  determination  of  tiie 
state  of  oxidation  of  the  iron  was  ineladed  in  the  analysis,  FeO 
being  determined  by  decoin  position  of  a  eeparate  portion  with 
bjrdrofluoric  and  snlphnric  acids  and  titration  witn  potassinin 
permanganate.  Water  was  determined  directly,  by  fusing 
about  a  gram  of  the  mineral  with  dry  Bodium  carbonate  in  a 
Goocb  tubulated  cmcible  and  collecting  in  a  chloride  of  calcium 
tube.  The  precaution  was  taken  to  surround  the  first  crucible 
with  another  containing  sodium  carbonate,  so  that  no  products 
of  combostioB  from  Uie  flame  could  penetrate  the  red  hot 
platinum  and  render  the  result  too  high.  The  analysis  gave 
the  following  results : 


StO, 
A1,0. 

Fe.O, 
FeO. 
MnO 
MgO 
H,0. 


1. 

n. 

Mean. 

...     49-44 

40-56 

49-50 

825 

...     32-97 

33-04 

33-01 

324 

-35 

■41 

■38 

002 

...       5-11 

5-13 

6-12 

071 

•32 

•      -21 

■29 

004 

...      10-3fl 

10-46 

1042 

260 

...        1-65 

1-58 

1-62 

090 

Sp.Gr....       2-607 

From  tliie  it  will  be  seen  that  nearly  all  of  the  iron  is  preBent 
as  protoxide.  The  analysis  also  shows  the  ratio  of  SiO, :  R,0,: 
HO  :  n.O,  to  be  very  nearly  5:3:2: 0-5. 

In  order  to  test  these  results  by  comparing  different  material 
an  analysis  was  also  made  of  iolite  from  the  well  known  local- 
ity at  Haddain,  Conn.,  the  specimens  being  very  kindly  fur- 
nished by  Prof.  Geo.  J.  Briisli  from  liis  private  collection. 
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on  aoconnt  of  the  strong  tendency  of  the  Haddam  mineral  to 
alteration.  The  ratios,  however,  as  will  be  seen,  are  almost 
exactly  the  same  as  those  given  by  the  Guilford  mineral.  The 
formula  of  iolite  is  therefore  H,0 . 4(MgFe)0,  4A1,0„  lOSiO,, 
the  ratio  of  MgO :  FeO  being  in  these  two  analyses  very  nearly 
7 : 2.  The  theoretical  percentages  according  to  this  formula  are 
given  below,  and  for  comparison,  the  mean  of  each  of  the  two 
analyses  calculated  to  100  per  cent,  the  small  quantities  of 
Fe,0,  and  MnO  being  reckoned  as  A1,0,  and  MgO  respectively. 

, Oalc  to  100. , 

Theory.  Guilford.  Haddam. 

lOSiO, 49-40  49-41  49-21 

4A1  O 33-60  3317  33-30 

t(4FeO) 6-37  6-40  6-24 

i(4MgO) 10-25  10-40  10-41 

H,0 1-48  1-62  1-84 

100-  100-  100- 

These  results  show  satisfactory  agreement,  and  the  per- 
centages, it  may  be  said,  do  not  differ  materially  from  those 
of  the  hitherto  published  analyses  except  in  the  state  of  oxida- 
tion of  the  iron.  The  fact  that  the  iron  is  present  as  FeO,  in 
spite  of  the  lack  of  green  color,  which  caused  Scheerer's  con- 
clusion to  the  contrai-y,  shows  how  little  reliance  is  to  be  placed 
on  color.  Indeed,  in  a  recent  description  of  colorless  iolite 
from  Brazil,*  Dr.  Groth  expresses  the  belief  that  the  usual 
violet  color  of  the  mineral  must  be  merely  due  to  a  pigment 
and  not  to  any  essential  constituent.  For  the  purpose  of  deter- 
mining the  nature  of  the  water,  about  a  gram  of  the  Guilford 
mineral  was  subjected  to  increasinsr  temperatures  until  constant 
weights  were  obtained  at  each.     The  results  were  as  follows : 

Faint  Full 

100*^0.  300^0.        redness.        redness.  Total. 

Loss  in  weight,     none  0-63  0*87  010  1-60 

Up  to  full  redness  the  mineral  remained  light  in  color  but 
on  further  heating,  over  the  blast  lamp,  it  turned  black,  baked 
together  and  showed  a  slight  increase  in  weight,  owing  doubt- 
less to  oxidation  of  the  iron. 

It  will  be  seen  that  the  percentage  lost  by  heating  to  full 
redness  is  the  same  as  that  of  water  found  by  actual  determina- 
tion. Hence  loss  by  ignition  at  this  degree  of  temperature 
can  safely  be  taken  as  representing  the  amount  of  water.  In 
the  Haddam  iolite  it  was  therefore  determined  in  this  way. 
It  is  possible  that  too  intense  heating  may  account  for  the 

•  Zeitschr.  Kryat.,  vol.  vii,  p.  694. 
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■mall  percentage  of  water  (0'50  per  cent)  found  tw  Jackson  id 
one  of  his  analyses.  All  other  analyses  thnB  rar  published 
show  amounts  of  water  between  I  and  2-5  per  cent,  the  avera^ 
from  six  analyses  being  1'74  per  cent 

The  high  temperature  reqaired  to  drive  off  the  water  ehowB 
that  it  is  practically  all  conatitntionai.  If  present  as  hydroxy!, 
it  is  possible  that  it  combines  with  Mg  to  forni  the  univalent 
radical  (MgOH).  The  recent  investigations  by  Clarke  and 
Schneider*  seem  to  indicate  that,  if  the  above  molecule  ii 
present  in  a  silicate,  it  can  be  decomposed  by  the  action  of  dry 
HCI  gas,  so  that  an  equivalent  of  MgCl,  can  be  dissolved  oat 
by  water.  An  experiment,  conducted  to  test  this  point,  gave 
no  satisfactory  results.  About  a  gram  of  the  mineral  wai 
heated  in  a  current  of  the  dry  gas  for  8  hours  and  nearly  con- 
stant weight  was  attained.  On  leaching,  however,  vHth  water 
and  a  drop  ui  iiitrit-  ;i(;id,  only  n'14  per  cent  of  Mf;0  went  into 
solution,  so  that  no  definite  conclusion  could  be  drawn  from 
this  result. 

On  digesting  a  sample  with  strong  aqueous  HCI  for  three 
days,  on  the  water  bath,  the  following  results  were  obtained: 


implete  auiljiia. 


Un decomposed  niiaeral 23 

SiO, 36 

Al,0,  with  Fe,0, 30 

MpO  with  MdO 8 

HO 1 


r  rom  the  above  it  is  seen  that  about  76  per  cent  of  the  min- 
eral  had   dissolved  and  since  the  different  constituents  were 
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\ — On  a  Series  of  Caesium  Trihalides;  by  H.  L. 
3.      Indxiding    their    Crystallography ;     by   S.    L. 

BLD. 

couree  of  some  experiments  with  caesinm  compounds, 
was  added  to  a  concentrated  solution  of  caesium  chlo- 
i  an  astonishing  result.  There  was  instantly  formed  a 
ellow  precipitate,  so  dense  as  to  nearly  solidify  the 
The  substance  readily  dissolved  on  warming  the 
id,  on  cooling  it,  large  ci7staIsof  a  yellowish-red  color 
oned  which  were  found  to  be  CsClBr,. 
w  of  the  fact  that  KI,  was  already  known,*  this  dis- 
lade  it  probable  that  a  series  of  caesium  trihalides 
obtained.  An  attempt  was  accordingly  made  to  pre- 
h  of  the  following  possible  members  of  such  a  series 
ig  chlorine,  bromine  and  iodine. 

1.  Csl,  6.  CsCl.I 

2.  CsBrI,  7.  CsBr, 

3.  CsBr.l  8.  CsClBr, 

4.  [CsClIJ  9.  CsCl^Br 
6.  CsClBrl  10.  [CsClJ 

esult,  all  the  members  of  the  series  except  the  two 
in  brackets  were  isolated. 

eight  trihalides  are  easily  made,  being  much  less  solu- 
the  normal  halides.       They  crystallize   beautifully, 
larkably  brilliant  colors  and  some  of  them  possess  an 
t»d  degree  of  stability. 

Method  of  preparation, 

)f  these  compounds  can  be  made  by  dissolving,  with 
f  heat,  the  appropriate  normal  caesium  halide  and  the 
or  halogens  indicated  by  the  formula  in  the  proper 
of  water,  or,  in  the  single  case  of  CsBrI,,  in  weak 
and  cooling  to  crystallization.  The  caesium  salt  used 
ng  the  mixed  trihalides  is  preferably  the  one  which  is 
imposed  by  the  halogen  or  halogens  added.  In  most 
e  presence  of  an  excess  of  the  normal  halide  is  desir- 
rder  that  the  halogens,  especially  iodine,  may  readily 
and  not  separate  out  again  on  cooling,  but  the  same 
lay  also  be  obtained  by  the  use  of  weak  alcohol. 
)f  preparation  will  be  given  for  each  body  separately. 

;eDseD,  J.  pr.  Ch ,  I  J,  ii,  357 ;  Johnson,  J.  Chem.  Soc,  1877,  249. 

E.  Soi. — Thiud  Sbrirs,  Vol.  XLIII,  No.  253.— Januart,  1892. 
2 
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In  the  following  list  the  componnda  are  arranged  in  order, 
from  the  darkest  to  the  lightest.  The  colore  given,  onleee 
otherwise  specified,  are  for  crystals  of  considerable  size,  for 
when  the  bodies  are  obtained  as  precipitates  or  when  the 
crystals  are  pulverized  they  are  lighter  in  color. 

Csl,         Brilliant  black,  nearly  opaque  ;  powder  brown. 
CeBrI,    Uark  reddiab-brown  ;  tbin  crystals  transmit 

deep  red  light ;  powder  dark  red. 
CsBr  I    Deep  cherry-red. 

CsBr        (       \  Y^llo'^isb-red  each  having  a  somewbat 
CaClfer    t        '  yellower  tint  tban  the  one  preceding  it. 
C&C\  I    -f  ^"^horhombic  variety,  deep  orange. 
■      [  Rhombohedral  variety,  pale  orange. 
CBCI,Br    BrigbtyeUow. 

Stability  on  exposure. 

The  five  bodies  containing  iodine  are  much  more  stable  than 
the  others,  and  will  bear  long  exposurs  to  the  air  at  ordinary 
temperatures  with  very  slight  superficial  change.  This  ex- 
posure in  some  cases  may  be  continued  for  a  week  or  more  m 
warm  weather  without  producing  any  marked  alteration  of 
color,  but  they  constantly  give  off  a  slight  odor  and  fiuallv 
begin  to  whiten.  The  three  compounds  containing  no  iodine 
usually  become  white  in  a  few  hours  on  exposure,  but  even 
these  can  be  preserved  indefinitely  in  tightly  corked  tubes. 
Experiments  showed  that  CsBrI,  whitenetf  more  rapidly  than 
CsBr,I,  also  that  CsCIBr,  decomposed  more  rapidly  than 
CsCl.Br.     This  indicates  that  their  stability  does  not  entirely 
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Melts  Melts  Becomes  white 

in  open  tube.  in  sealed  tube.  in  open  tube, 

(uncorr.)  (uncorr.)  (approximate.) 

CsL 210°  201°-208'*  330° 

CsBrl 246°  243°-248*  320° 

CsClferl 238°  226°-235°  290° 

CsCIJ 238°  225*-230°  2P0° 

CsBrI, 208°  156*»-190°  260° 

CsBr    whitens  180°  160° 

CsCl^r  ...  whitens  206°  160° 

CsClBr,  ...  whitens  191°  160° 

Behavior  with  solve7its. 

All  these  bodies  except  CsBrI,,  which  is  almost  completely 
decomposed  by  water,  can  be  recrystallized  by  treating  with 
warm  water  and  cooling  the  solution.  There  is  usually  some 
decomposition  during  this  operation,  accompanied  by  the  sepa- 
ration of  iodine  or  the  volatilization  of  this  or  the  other 
halogens. 

All  the  trihalides  containing  iodine  can  be  dissolved  in 
alcohol  and  recrystallized  from  it.  There  is  usually  a  slight 
deposition  of  normal  halide  at  the  same  time,  which  can  be 
avoided  by  adding  a  little  water  to  the  alcohol.  Csl,  is  much 
more  soluble  in  alcohol  than  in  water.  The  other  iodine  com- 
pounds, with  the  exception  of  CsBrI,,  which  decomposes  with 
water,  are  apparently  more  soluble  in  water.  Those  bodies 
containing  no  iodine  are  all  decomposed  by  alcohol,  leaving  a 
white  residue.  Mixtures  of  alcohol  and  water  are  good  sol- 
vents for  all  the  trihalides. 

Ether  has  no  immediate  action  on  the  more  stable  com- 
pounds, Csl„  CsBr,I,  CsClBrI  and  CsClJ,  but  it  decomposes 
all  the  others  with  separation  of  normal  halides.  When  CsBrI, 
is  thns  decomposed,  pure  CsBr  is  left. 

Crt/8tallogra2)hy, 

The  crystallization  of  the  caesium  trihalides  is  orthorhom- 
bic.  The  salts  form  an  isomorphous  group,  the  chief  features 
of  which  will  first  be  given,  followed  by  a  brief  description  of 
the  different  individuals. 

The  forms  which  have  been  observed  are  : 

a,  100,  it  (/,  012,  i-l 

b,  010,  I'l  d.  Oil,  \-l 

c,  001,  O  /.   021,  24 
m,  110,  I  c,    102,  i-i 

Of  these  t/i,  d  and  e  are  the  most  prominent  and  usually 
determine  the  habit  of  the  crystals.  Either  m  or  d  usually 
predominateB  to  such  an  extent  that  the  crystals  are  prismatic 
m  the  direction  of  the  vertical  or  the  brachy-axes.     The  dome 
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y  18  very  oommoQ  bat  b  nsoally  too  small  to  give  a  character- 
ietic  habit,  and  is  therefore  omitted  from  most  of  the  fignres. 
The  face  g  was  observed  only  on  Csl,.  The  pinacoids  are  vari- 
able in  their  development,  but  commonly  one  and  frequently 
all  three  can  be  fonnd  on  a  single  crystal.  Pyramidal  faces  are 
practically  wanting.  In  the  examination  of  a  great  many  citb- 
tals  but  one  was  found  (of  CsBr,!)  on  which  a  single  pyramidal 
face  occurred ;  this  replaced  the  edge  between  in  and  d  and 
had  the  symbol  132, }— 1  The  cleavage  is  perfect  parallel  to  c. 
An  idea  of  the  similarity  of  the  different  salts  may  be 
obtained  from  the  following  table,  in  which  the  axial  ratios* 
and  three  of  the  prominent  angles  are  given.  The  angles 
which  were  chosen  as  fundamental  are  marked  by  an  asterisk, 
the  others  are  calculated,  and  in  all  cases  the  measurements 
showed  close  agreement. 


Series         ' 
without  iodine  ^ 


Csl, 
CsBrI, 
CsBr,! 
CsClBrI 

CsCLI 


a 

b:c 

a:b:c 

Csl,            0-6824 

1;  1-1051 

:l-4653:l-ei»6 

CsBrI        0-8818 

1:1-1419 

:  1-4460:  1-6611 

CfiBrl       0-7203 

1:1-1867 

:  1-8882  :1-61W 

CsClBrl    0-7230 

1:  11760 

:  1-3831:  1-6288 

CsCI.I        0-1373 

1:1-1920 

:  1-3363: 1*6187 

CsBr          0-6873 

1:  1-0581 

:  1-4650:  1-5395 

CsCIBr,     0-699 

1: 

:  1-430    ;   

CsCljEr     0-7188 

1:  1-1237 

;  1-3917:  1-6636 

mAm,]10.^liO       d 

.1^011*011. 

«,e,  loa^Ioi. 

•68°  37' 

•95°  43' 

78°     0' 

•69    20 

97    84 

•79      5 

•71    32 

•98    46 

78      0 

•71    44 

•99    16 

78    15 

72    48 

*100      1 

•77    64 
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poands  containing  no  iodine,  but  in  this  series  the 
een  the  two  constant  axes  varies  slightly  from  the 
ding  ratio  in  the  iodine  compounds, 
rrengement  according  to  molecakr  weights  is  made 
le  compodnds  containing  bromine,  or  in  like  manner 
those  containing  chlorine,  a  symmetrical  series  of 
8  is  not  formed.  Tliis  leads  to  the  conclusion  that 
eries  given  in  the  table  have  a  special  significance, 
iodine,  with  the  highest  atomic  weight,  plays  an  im- 
ut  in  the  constitution  of  the  first,  while  bromine  acts 
me  way  in  the  second.  Since  several  of  the  com- 
ntain  only  a  single  halogen  atom  of  highest  atomic 
t  follows  that  a  single  atom  throaghont  exerts  an 
on  the  symmetry  of  the  series.  This  pecnliar  part 
'  an  iodine  or  bromine  atom  may  be  explained  by 
it  to  be  closely  united  either  with  the  caesium  or 
of  the  other  halogen  atoms.  It  seems  probable  from 
siderations  that  the  three  halogen  atoms  in  these 
Is  do  not  have  similar  positions  in  the  molecule,  and 
itly  that  the  trihalides  are  not  compounds  of  trivalent 
nt  have  some  other  structnre. 

Of  this  salt,  crystals  from   both  aqueous  and  alco- 
itions  were  examined.     On  i_  3, 

Br    the    forms   a,  c,   m,  d        /\\ 
ere   observed.      The   habit     /1|x\ 
ent  from  anything  else  in   /  \ 

,  being  needle-like,  with  a 
the  prismatic  zone,  termin- 
,  fig.l,  or  by  c,  d,  and/",  fig. 
irystals  did  not  give  very 
y  reflections,  but  the  best 
lents,   fr()m    a    number   of 
rystals,  agreed  closely  with 
m  in  tlie  table.     The  crys- 
ned  were  SO-aO""'  in  length 
m   over   2°""   in    diameter, 
crystals   from    alcohol,  the 
'/,  c,  m,  ff,  d,  f  and  e  were  observed.     The  habit  is 
fig,  3.     There  was  a  tendency  in  the 
I  arrange  themselves  in  parallel  posi- 
ing  plates,  showing  large  a  faces,  but 
»te  individuak  were  small,  scarcely 
in  greatest  diameter.     Tlie  faces  gave 
reflections.     The  crystals  arc  black, 
a  brownish    red   light   only   on   the 
idges,  and  are  too  opaque  for  optical 
on. 

. — On  two  separate  samples  of   this 
'orms  fi,  h,  e,  m,  J.  f  and  e  were  o\)- 
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served.  The  crystals  are  thin  tables  somewhat  lengthened 
in  the  direction  of  the  brachy-axis,  fig,  4.  On  examining  the 
general  table,  it  will  be  seen  that  this  is  the 
only  one  of  the  firet  five  salts,  in  which  the 
angle  ey^e  varies  considerably  from  78°. 
Here,  the  variation  amouDts  to  a  little  over 
e  degree,  bnt,  in  all  probability,  thia  is 
not  to  be  accounted  for  by  imperfectioDB 
in  the  crystals  or  inaccuracy  in  the  observa- 
tion, for  from  two  difEerent  crops  of  crys- 
stals  good  reflectious  and  almost  identical 
ineaBurements  were  obtained.  Thecrystale 
were  only  a  fraction  of  a  millimeter  in  thickness  and  not  over 
10"""  long  in  the  direction  of  the  brachy-axis.  With  the  polar- 
izing microscope  the  tables  show  a  decided  pleochroism.  For 
rays  vibrating  parallel  to  the  6  axis  tlie  color  is  dark  brown, 
almost  opaque,  while  for  vibrations  parallel  to  d  it  is  a  rich 
reddish  brown.  A  similar,  though  less  marked,  pleochroism 
was  observed  in  the  remaining  salts  of  tlie  series,  but  owing 
to  the  inability  to  obtain  orientated  pinacoid  sections,  it  could 
not  be  studied  satisfactorily.  In  convergent  polarized  light, 
the  phenomena  were  not  very  distinct,  but  with  the  tables  of 
CsBrl,  apparently  an  obtuse  bisectrix  could  be  seen,  the  opti- 
cal axis  being  in  the  macro-pinacoid  a. 

CsBr,!. — On  this  salt  the  forms  «,  c,  m,  d,  f  and  e  were 
observed.  The  habit  is  shown  in  fig  5. 
The  crystals  were  brilliant  and  gave  ex- 
cellent reflections.  Those  submitted  for 
measurement  were  about  3°""  in  greatest 
diameter. 

CeClBrl. — On  this  salt  tlie  forms  h.  c. 
m,  (/,  yand  e  were  observed.     The  liabit 
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(i-2»  Il20),  fig.  7.  Only  that  portion  is  perfect  which  is  in- 
cluded between  the  irregular  dotted  lines,  the  upper  and 
lower  angles  of  the  rhombohedrons  ^ 

being  truncated  by  irregular  warped 
surfaces.  In  their  growth  the  indi- 
viduals of  a  whole  series  of  crystals, 
with  similar  orientation,  are  piled 
upon  one  another  in  the  direction  of 
the  vertical  axi&  The  scales  are 
about  6°™  in  diameter. 

The  measarement  which  was  taken 
as  fundamental  is : 

r  A  r,  over  a,  1011  ^  0lil=99*  48' 

giving  for  the  length  of  the  vertical 

axis,  c=0  96363.   The  following  measurements  were  also  made : 

aAa=60"  0',   60°  1',  59°  59'        Calculated  60^  0' 
a  a/  1210  A  0221=      37"  45'  "  37*49' 

The  remaining  compounds  containing  no  iodine,  were  much 
more  unstable  tnan  tnose  previously  described.  By  making 
the  measurements  in  a  cold  room  very  satisfactory  results  were 
obtained,  the  crystals  retaining  enough  luster  to  give  good 
reflections,  even  after  they  had  suffered  considerable  decom- 
position. 

OsBr^ — The  forms  observed  on  this  salt  are  J,  m  and  d. 
The  habit  is  short  prismatic,  with  either  m  or  d  predominat- 
ing, while  h  is  usually  wanting.  Single  crystals  are  sometimes 
10"™  in  length,  but  groups  of  small  crystals  are  more  apt  to 
occur. 

VsCflBr^. — The  only  forms  observed  on  this  salt  are  m  and  <?. 
The  habit  is  short  and  stout  prismatic.  Single  crystals  are 
sometimes  16°*°*  in  length. 

CsCl^Br. — The  forms  observed  on  this  salt  are  c,  m  and  d. 
It  crystallized  in  stout  prisms,  over  10™°*  long,  terminated  like 

fig.  1.     . 

Method  of  analysis. 

The  samples  were  prepared  for  analysis  by  pressing  on 
paper.  The  drying  was  not  always  very  good,  both  on  account 
of  the  haste  sometimes  necessary  to  avoid  too  much  decompo- 
sition, and  on  account  of  tlie  great  tendency  of  the  crystals  to 
contain  cavities  filled  with  liquid. 

Caesium  was  invariably  determined  by  weighing  the  normal 
halide  produced  by  heating.  In  some  cases  where  the  result- 
ing normal  halide  was  slightly  contaminated  by  a  higher 
haJogen,  this  was  replaced  by  the  proper  one  before  weighing. 
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Where  two  balogens  were  present  they  were  determined 
in  the  nenal  way  by  weighing  their  silver  salts  and  determin- 
ing the  lose  in  weight  of  these  when  heated  in  chlorine.  Id 
the  cases  where  all  three  halogens  were  present,  nse  was  made 
of  the  extremely  satisfactory  method  described  by  Gooch  and 
Ensign.* 

Cel,. 

This  can  be  made  by  dissolving  aboat  one-fonrth  the  theo- 
retical amount  of  iodine  in  a  solntion  of  one  part  of  caesiom 
iodide  in  ten  parts  of  water.  It  generally  gives  a  crop  of 
brilliant,  slender  crystals.  If  a  larger  proportion  of  iodine  is 
□Bed,  the  substance  generally  separates  in  the  form  of  crystal- 
line plates  without  diBtinct  faces.  They  are  possibly  a  dimor- 
phous form  of  the  substance.  If  wealc  alcohol  is  nsed  as  a 
solvent  instead  of  water,  the  theoretical  amonnt  of  iodine  can 
be  taken  and  a  well-crystallized  product  is  obtained. 

The  following  nnmbers  show  the  composition  : 

Found  *         Calculaled  for 
Slender  CryatAla.      Plates.  Cali. 

Caesium 25ll  23-71  25-88 

Iodine 72'67  74-12 

When  iodine  is  being  dissolved  in  a  warm  aqueous  solntion 
of  Csl,  or  when  an  attempt  is  made  to  dissolve  Csl,  in  warm 
water,  a  heavy  black  liquid  ie  formed  at  about  73°  which 
solidifies  on  cooling  to  a  crystalline  mass.  It  is  much  richer  in 
iodine  than  CbI,  and  probably  contains  a  higher  polyiodide. 
Analyses  of  the  substance  gave  varying  results,  and  although 
most  i>f  tlifiBC  appn>it(;ljeil  the  cotupu.'iitioii  Csl,,  it  is  still  un- 
certain what  body  this  is.     The  low  melting  point  of  the  snb- 
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C$BrI^. 

Iodine  disBolves  in  considerable  quantity  in  a  hot  aqneous 
solntion  of  caesium  bromide,  bat  it  nearly  all  separates  on 
cooling.  It  is  therefore  necessary  to  use  a  mixture  of  alcohol 
and  water  in  preparing  this  trihalida  A  good  crop  of  crystals 
was  obtained  by  dissolying  one-half  the  theoretical  iodine  in  a 
solntion  of  one  part  of  caesium  bromide  dissolyed  in  two  parts 
of  water  and  one  part  (by  yolume^  of  alcohol 

The  following  numbers  show  tne  composition  of  the  crys- 
tals. 

Calculated  for 
Found.  CaBrlt. 

Caesium 28*54  28*48 

Bromine 18*11  17*18 

Iodine 62*01  64*39 

C$BrJ. 

This  may  be  made  by  dissolving  the  theoretical  amounts  of 
iodine  and  bromine  in  a  solution  of  one  part  of  caesium  bro- 
mide in  ten  parts  of  water.  A  considerable  excess  of  bromine 
does  not  interfere  with  its  formation. 

The  crystals  have  the  following  composition  : 

Calculated  for 
Found.  CsBrtl. 

Caesium 31*32  31*67 

Bromine 37*63  38*09 

Iodine 29*57  30*24 

The  solubility  of  this  substance  in  water  was  approximately 
determined  by  estimating  the  free  halogens  volumetrically  in 
the  mother-liquor  from  a  recrystallLzation  at  about  20^.  The 
amount  found  corresponded  to  4*45  per  cent  of  CsBrJ. 

Kepea^  attempts  to  make  this  substance,  by  using  concen- 
trated solutions  of  caesium  chloride  and  iodine  in  mixtures  of 
water  and  alcohol  and  cooling  to  low  temperatures,  invariably 
failed. 

CaClBrl. 

This  may  be  made  by  dissolving  about  one-fourth  of  the 
theoretical  bromine  and  iodine  in  a  solution  of  one  part  of 
caesium  chloride  in  five  parts  of  water.  If  an  excess  of 
caesium  chloride  is  not  taken  the  product  will  contain  too  little 
chlorine  and  too  much  bromine. 

An  analysis  of  the  product,  properly  prepared,  gave  : 
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Calculated  for 
Found.  CsCIBrl. 

Caeeium 34-24  35*43 

Chlorine 936  9'45 

Bromine 19-96  21-30 

Iodine 32-36  33-83 

If  a  Urge  excess  of  bromine  is  tised,  an  impure  prodnct 
results  as  is  BhowD  by  thu  following  analysis  of  a  sample  thas 
made: 

Found. 

Caesium 36-11 

Chlorine 9-36 

Bromine 27*JO 

Iodine 24-83 

On  attemptinii;  to  recrystallize  the  CsClBrl  a  prodact  of  a 

darker  red  color  is  formed,  sornetiiues  accoinpauied  by  the 
separation  of  some  iodine.  The  following  analyees  were  made 
of  products  of  reci-ystallization  : 

"  A"  was  from  a  einele  recrvBtalUzalion.  "B"  was  reciye- 
taltized  three  times,  a  little  alcohol  being  added  the  last  time 
to  keep  iodine  in  solution.  "  C"  was  recrystallized  five  times, 
each  time  with  the  addition  of  a  large  excess  of  bromine. 

Calculated  for   Calculated  for 
A.  B.  C.  CaClBrl.        CsBr,!. 

Caesium...  3d-69         33-22  3542         31-67 

Chlorine  ..     3-32  5-02  3-70  9-45  o" 

Bromine  ..  31-56         2830         33-50         21-30         38-09 

Iodine 30-91         31-78         30-99         33-83         30-34 

These  analyses  show  that  the  recrystallized  body  approaches 
CsBr,I,  but  that  a  part  of  the  chlorine  is  very  tenaciously  held. 
The  exeees  of  bromine  used  in  the  case  "  0 '"  had  apparently 


Wells  and  Pe^vfidd — Series  of  Caesium  Trihalides.      27 

chlorine  is  used,  the  body  CsCl  J  is  formed  corresponding  to 
KCIJ  discovered  by  Filhol.*  This  new  caesium  compound 
will  be  described  in  a  future  article  in  connection  with  several 
other  new  bodies  of  the  same  class. 

The  orthorhombic  variety  of  CsCl,!  can  be  obtained  by 
using* three  or  four  times  as  much  caesium  chloride  as  in  the 
other  case,  the  other  conditions  remaining  unchanged. 

The  following  analyses  of  two  separate  products  of  each  of 
the  two  varieties  were  made. 


Rhombohedral. 
Found. 

Orthorhombic. 
Found. 

Calculated 
Csaj. 

Caesium 

Chlorine 

Iodine 

39-20            39-92 
20-72            21-08 
37-81            38-21 

38-43            40-00 
19-78            20-75 
38-97            38-88 

40-18 
21-46 
38-37 

On  recrystallizing  either  form  of  this  substance,  from  solu- 
tion in  hot  water,  tne  rhombohedral  variety  is  usually  formed, 
owing  to  the  lack  of  an  excess  of  caesium  chloride.  It  is  not 
unusual,  however,  to  obtain  at  first,  as  the  solution  cools,  slen- 
der needles  evidently  of  the  orthorhombic  variety,  which 
afterward  become  surrounded  by  rhombohedral  crystals. 

CsBr^. 

To  make  this  substance,  one  half  the  calculated  amount  of 
bromine  is  added  to  a  solution  of  one  part  of  caesium  bromide 
in  three  parts  of  water,  the  whole  is  heated  with  vigorous 
shaking  until  the  liquid,  bromine  disappears  and  then  slowly 
cooled.     Crystals  gave  on  analysis : 

Calculated  for 
Found.  CsBrj 

Caesium 35-12  35-66 

Bromine 61-53  64-34 

In  preparing  this  body,  there  usually  remains,  when  the 
liquid  bromine  disappears  on  heating  the  solution,  a  heavy  red- 
dish liquid  much  lighter  in  color  than  bromine.  It  is  without 
doubt  a  higher  poly  bromide  and  it  probably  corresponds  to 
the  easily  fusible  substance  already  mentioned  as  a  probable 
higher  polyiodide.  An  investigation  of  its  composition  will 
soon  be  made. 

Cs  ClBr^, 

The  formation  of  this  body  was  mentioned  at  the  beginning 
of  this  article  in  connection  with  the  discovery  of  the  new 
series  of  salts.  It  can  be  made  by  adding  about  one  half  the 
theoretical  bromine  to  a  solution  of  caesium  chloride  in  about 
five  parts  of  water,  dissolving  by  heat  and  cooling. 

♦  Michalifl,  -^Anorgan  Chem.,"  3,  102;  Gmelin-Kraut,  II,  1,  82. 
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The  analysee  of  two  prodncta  are  given  below.  The  "pi»- 
cipitate"  resalted  from  adding  bromine  to  a  cold  caesinm 
chloride  solation,  and,  being  finel;  divided  as  well  as  the  most 
nnetable  compound  of  the  series,  it  snfFered  a  considerable 
amonnt  of  decomposition  althongh  time  was  not  taken  to  diy 
it  thoronghly. 

Found. 

, A ,  Calculated  for 

Predpitale,            CttsUi.  UsCIBr,. 

Caesium 40-62             42-14  40-40 

Chlorine 12'S4              13-24  loei 

Bromine 39'61             42-93  48-70 

Water 8-45                1-72  0- 

99-32  100  03  lUO-00 

C»Cl,Br. 

This   eubatance    may  be   made   by  adding    the    calcalated 

amount  of  bromine  to  a  solution  of  caesium  chloride  in  five 

parts  of  water,  wanning  enough  to  keep  CsClBr,  in  solation, 

and  passing  chlorine  in  excess 

Calculated  Ibr 
Aniiljsis  i^ve  CeCltBr. 

Caesiuia 46-25  46-83 

Chlorine    24-15  26-00 

Bromine   26-05  28-17 

[C»a,.] 

Efforts  to  pi-epare  tliis  substance  by  passing  chlorine  into 
saturated  aqueous  solutions  of  caesium  chloride  cooled  by  a 
freezing-mixture  did  not  succeed.  It  was  noticable  that  the 
compound  CI  5ll,0  was  not  formed  under  these  circumstances. 
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and  also  mixed  trihalides,  especially  of  the  type  BCIJ.  These 
organic  bodies*  are  evidently  analogous  to  the  caesium  com- 
pounds under  consideration,  but  smce  they  have  not  been 
sufBciently  studied  to  throw  any  light  on  the  structure  or  crys- 
talline form  of  trihalides  in  general,  they  will  not  be  described 
in  detail  here. 

Theoretical  Considerations, 

Thus  far  in  this  article  the  simplest  possible  formulae  have 
been  used.  The  probable  structure  of  the  compounds  will 
now  be  discussed. 

The  trihalides  previously  known  have  been  usually  con- 
sidered as  weakly  combined  addition-products.  Mendelejeff,t 
for  example,  says  that  the  instability  with  which  I,  unites  with 
KI  and  N(CH,)J  is  analogous  to  the  instability  of  many 
crystal-hydrates,  e.  g.,  HCl .  2H,0.  It  must  be  noticed  that 
some  of  the  caesium  trihalides  are  very  stable,  but  this  fact  is 
evidently  due  to  the  strong  positive  character  of  the  metal,  and, 
sinee  others  among  them  are  comparatively  unstable,  it  can 
have  no  important  bearing  on  their  structure. 

Johnsonif  advances  the  formula  K,I.  for  potassium  triiodide 
with  no  better  reason  than  the  existence  oi  a  higher  iodide  of 
mercury,  Hgl^§  This  formula  may  be  dismissed  at  once,  for 
there  is  no  more  ground  for  it  than  for  writing  KJ,  because  ' 
Hgl,  exists,  and  moreover  if  the  caesium  salts  were  C8,X.  we 
should  expect  to  find  in  the  series  such  compounds  as  Cs,Cl  J, 
CsjCl.I,,  etc.,  none  of  which  were  discovered. 

Since  the  members  of  the  caesium  series  are  crystal! ographi- 
cally  isomorphous  they  must  all  have  the  same  structure,  and, 
as  has  just  been  shown,  no  multiple  of  the  formula  CsX,  is 
probable. 

A  possible  explanation  of  the  caesium  trihalides  may  be 
made  by  supposing  the  metal  to  act  trivalently,  and  the  fol- 
lowing arguments  seem  to  favor  this  view : 

Ist.  Caesium  has  the  highest  atomic  weight  of  the  alkali- 
metals,  and  it  is  a  noticeable  fact  that,  among  the  elements 
in  general,  those  with  higher  atomic- weights  in  a  group  have 
the  greater  tendency  to  act  with  variable  quantivalence.  2d. 
Caesium  is  univalent  in  its  ordinary  compounds,  and,  following 

♦  See  the  following  articles :  Weltzien,  Ann.  Ch.  Ph..  xci,  33;  xcix,  1.  Miiller, 
ibid,  cviii,  5.  Hubner,  ibid.,  ccx,  368.  Ladenburg:,  ibid.,  ccxvii,  122.  Zinke  and 
lawson,  ibid.,  ccxl,  123.  Zinke  and  Artzbergcr,  ibid.,  ccxlix,  366.  Jorprensen, 
J.  pr.  Ch.,  II,  vols,  ii,  iii,  xiv  and  xv.  Dafert,  Monatshefle,  iv,  406.  Dittinar, 
Berichte,  xviii,  1612.  Ostermayer,  ibid.,  xviii,  2298.  Kamensky,  ibid.,  xi,  1600. 
Hlden,  J.  Chem.  Soc,  xviii.  99.     Hoogewerff  and  Dorp,  Rec.  Trav.  Chim.,  iii,  361. 

{**  Grundlaf^D  der  Chemie,"  p.  563,  foot-note  68. 
J.  Chem.  See,  1878,  183.  §  Jorgensen,  J.  pr.  Ch.,  II,  ii,  357. 
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the  general  rnle,  the  next  higher  qaantivalence  Bhoold  be 
three.  3rd.  CaeBium  is  in  the  same  group  ae  gold,  in  Men- 
deiejefFs  periodic  system  of  the  elements,  and  it  jb  well  known 
that  this  element  acts  uniralently  and  trivalently. 

On  the  other  hand,  the  following  arguments  are  in  favor  of 
considering  the  bodies  double  salts  :  Ist.  The  componnds  TBr, 
ICl  and  BrCl  are  definite  bodies  and  all  the  triliaudea  may  be 
considered  as  molecular  compounds  of  these,  and  also  the 
molecules  I,  and  Br„  with  normal  lialides.  2d.  The  fact  that 
Cs6r,I  is  more  stable  than  CsBrI,  and  that  CsCI,Br  is  more  so 
than  CsClBr,,  showing  that  the  stability  of  these  bodies  does 
not  entirely  depend  upon  the  volatility  of  the  halogens  coo- 
tained  in  them,  indicates  that  the  halogen  atoms  have  macb 
influence  on  each  other,  and  that  at  least  two  of  them  are 
probably  bound  togetliiT.  .V  funjjiili.'i-ati^iri  <A  tliu  t';iet  that 
CsCljI  is  a  very  stable  body  while  (JsC'II,  in'obably  cannot  be 
prepared  leads  lo  the  same  conclusion.  3d.  It  has  been  pointed 
out  by  Godeffroy*  that  the  simple  salts  of  caesium  are  ag  a  rule 
more  golubte  than  the  corresponding  rubidium  and  potassiam 
salts,  while  with  the  dooble-salts  the  reverse  is  true.  Work 
now  in  progress  in  this  laboratory  shows  that  the  rubidium  and 
potassium  trihalidcs,  as  far  as  they  have  been  investigated, 
increase  iu  solubility  towards  potasaium,  hence,  if  the  rnle 
holds  true,  they  must  be  double-salts.  4th.  The  new  salt 
C6T,AgI,+  an  undoubted  double-salt,  shows  a  close  relation  to 
the  trihalides  in  its  system  of  crystallization,  in  the  ratio  of 
the  two  axes,  which  aioue  were  determined,  and  iu  ite  cleavage-t 
The  salt  KI.AgI§  has  been  prepared,  but  it  has  not  yet  l)eeti 
procured  in  crj'stals  tit  for  measurement.  Work  will  be  con- 
tinued on  this  class  of  compounds. 
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The  evidence  which  has  jast  been  given  points  strongly 
owards  considering  the  trihalides  as  double-salts.  The  con- 
liderations  based  on  the  axial  relations  of  the  crystals,  which 
lave  been  given  in  the  crystallographic  part  of  this  article, 
ilso  indicate  that  these  bodies  cannot  be  viewed  as  componnds 
)f  trivalent  caesium,  and,  moreover,  that  a  single  halogen 
item  of  highest  atomic  weight  plays  an  important  part  in  their 
Jtructnre.  One  view  of  the  possible  position  of  this  peculiar 
itom  may  be  that  it  is  a  trivalent  atom  united  to  the  others  in 

the  manner  indicated  by  the  general  formulae  Cs— I<[y  ^^d 

Cs— Br<Y«       This   view  may   be  objected   to  because   the 

strongest  halogen  atom  is  not  directly  united  to  the  caesium. 

The  structure  Cs  —  X  <[  ii  is  scarcely  admissible  in  the  com- 

pound  CsI.AgI  on  account  of  the  probable  invariable  univa- 
lence  of  silver. 

Another  view  of  the  position  of  the  peculiar  iodine  or 
bromine  atom  may  be  based  upon  the  idea,  so  ably  advocated 
byRemsen,*  that  a  bivalent  group  of  two  halogen  atoms  acts 
the  same  part  in  double  halides  that  oxygen  takes  in  ordinary 
oxygen  salts.  Supposing  that  a  halogen  atom  of  highest  atomic 
weight  is  linked  to  the  caesium  atom  by  means  of  the  other 
two  halogen  atoms,  acting  as  a  bivalent  group,  the  trihalides 
have  the  following  formulae : 

Cs-fll)-!  Cs— (BrBr)-Br 

Cs  -  (BrI)  -I  Cs— (ClBr)  -Br 

Cs  -  (BrBr)  —I  Cs  -  (ClCl)  -  Br 
Cs— (ClBr)-I 
C8-(C1C1)— 1 

[Cs-(C1I)-I]  [Cs- (ClCl) -CI] 

These  formulae  allow  the  supposition  that  the  most  negative 
halogen  atom  is  in  direct  union  with  the  caesium.  They  are 
Consistent  with  the  view  that  there  are  two  symmetrical  series 
of  compounds,  one  with  an  iodine  atom,  the  other  with  a 
bromine  atom  in  a  special  position.  On  these  grounds  they 
Seem  quite  plausible. 

Assuming  that  the  structure  of  the  trihalides  is  represented 
by  the  above  formulae,  a  comparison  of  their  relative  stability 
leads  to  the  view  that  the  linking  group  of  two  halogen  atoms 
causes  greater  stability  when  composed  of  like  atoms  than 
when  these  atoms  differ.  The  groups  (II)  (BrBr)  and  fClCl) 
occur  in  the  comparatively  stable  compounds,  while  (ClBr)  is 
in  the  most  unstable  body  of  the  "  bromine  series/'  (BrI)  is  in 

*0n  the  Nature  and  Structure  of  Double  Halidos,  Am.  Chem.  Jour.,  xi,  291. 
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lentB  of  the  thermal  eflfects  produced  by  the  stretching  of 
rires  find  no  inaccuracy  in  the  law.  Neither  did  Morin,* 
IthoQgh  the  distance  between  the  upper  and  lower  marks  on 
lis  wires  amounted  to  21  m. 

Millerf  too  endeavors  to  prove  that  the  elastic  lengthening 
}  proportional  to  the  force.  As  far  as  I  am  aware,  the  ola 
iw  has  generally  been  regarded  as  axiomatic,  and  no  one  has 
ver  made  the  attempt  to  replace  it  by  a  new  one. 

At  the  time  of  some  experiments  here  made  by  Mr.  Strad- 
ing  this  subject  came  up  for  discussion,  and  Prof.  F.  Kohl- 
ausch  invited  me  to  investigate  it  in  a  series  of  careful  experi- 
tients.  In  this  place  I  desire  to  express  my  sincerest  thanks 
0  my  honored  teacher,  Prof.  Kohlrausch,  for  his  advice  and 
leh)  in  the  course  of  these  investigations. 

In  the  first  place  it  should  be  noticed  that  there  is  no  good 
\  priori  reason  why  Hooke's  law  should  be  strictly  true, 
^en  one  examines  the  case  closely  it  seems  highly  probable 
hat  deviations  from  the  law  should  appear.  When  a  vsrire  is 
ubjected  to  a  tension  the  relative  positions  and  distances  of 
ts  molecules  are  altered,  its  thermal  state  is  changed,  and  it 
becomes  in  these  respects  a  new  body.  Accordingly  that  there 
hould  be  in  one  and  the  same  body  a  definite  relation  between 
he  modulus  of  elasticity  and  the  amount  of  deformation  ought 
o  occasion  no  surprise. 

Since  the  experiments  of  others  have  amply  proved  that 
leviations  from  the  old  law  of  lengthening,  if  any  really  exist, 
nust  be  very  small,  it  is  evident  at  the  outset  that  the  measure- 
nents,  in  order  to  detect  these  deviations,  must  possess  a  high 
legree  of  accuracy.  The  following  experimental  conditions 
nust  accordingly  be  secured  :  The  wire  must  be  long  and  free 
Tom  all  curvature.  The  temperature  of  the  place  where  the 
jxperiments  are  made  must  remain  approximately  constant 
luring  an  experiment.  Further,  account  must  be  taken  of 
leveral  secondary  phenomena  the  most  important  of  which  are 
;he  thermal  eflfects  due  to  the  changing  volume  of  the  wire, 
md  the  elastic  after-eflfect.  The  influence  of  these  secondary 
)henomena  will  later  be  separately  discussed. 

The  wires  made  especially  for  these  experiments  by  Herr 
3bermaier  of  Nlimherg,  gave  me  the  first  of  the  above  men- 
ioned  conditions.  The  tower  of  the  Physical  Institute  of  the 
Jniversity  of  Strassburg,  permitted  the  use  of  wires  of  the 
■eqnisite  length ;  and,  since  it  was  situated  on  the  north  side 
rf  the  building,  it  possessed  such  a  uniform  temperature  that 

♦Morin,  Comptes  Rendu?,  liv,  (18G2),  p.  235. 

f  Miller,  Aus  d.  Sitzungsber.  d,  raath-phys.  Classe  der  k.  bayer.  Akd.  d.  Wiss, 
682,  Heft  4. 

Ah.  Jouu.  Sol— TniRD  Series,  Vol.  XLIII,  No.  263.— January,  1892. 
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the  total  change  in  an  entire  forenoon  amonnted  uBiiallyto 
less  than  half  a  CeleiuB  degree.  The  length  of  the  wires  iwed 
was  about  28  m. 

In  order  to  determine  the  mean  ttiinperatnre  of  the  tower  u 
anytime,  as  well  as  the  changes  in  the  temperature,  I  used  at 
first  eix  thermometers  hnng  at  regnlar  intervals  in  the  tower. 
Afterwards  at  the  eutrgeStion  of  Prof.  Kohiransch  I  used  \n 
place  of  the  six  thermometers  a  fine  brdss  wire  23  m.  ioup, 
bearing  a  constant  weight,  and  running  parallel  with  tho  main- 
wire,  the  wire  on  whicn  the  mcasnrements  were  made. 

Since  this  thermometer- wire  was  only  9  cm.  distant  from  tie 
main-wire,  and  both  were  equidistant  from  catbetometer  1,  I 
was  able,  without  changing  the  focus  of  the  telescope,  to 
observe  the  mark  on  the  thermometer-wire  and  to  determine 
tho  temperature  accurately  to  the  fortieth  of  a  degree. 

Description  of  Apparatus. 
In  the  tower  of  the  Institute  are  four  solid  brick  piers,  three 
of  which  terminate  within  the  tower  near  the  top.  A  large 
square  beam  25  cm.  thick  was  laid  across  two  diagonally  opj»- 
Bite  piers,  and  this  furnished  an  inflexible  support  for  the 
upper  end  of  the  wire.  A  smaller  beam  was  laid  parallel  with 
the  larger,  and  on  this  was  mounted  a  microscope  focused  on 
the  upper  mark  on  the  wire.  The  larger  beam  rested  on  iron 
feet  which  were  so  adjusted  that  the  whole  arrangement  stood 
absolutely  tinn.  A  movable  cross-wire  in  the  eje-piece  of  the 
microscope  enabled  one  to  measure  a  displacement  of  the  mail 
of  0-005  mm.  Since  a  weight  of  70  kg.  on  the  middle  of  the 
beam  produced  a  sinking  of  only  0'03  mm.  and  since  the 
heaviest  weight  used  in  any  of  my  experiments  was  18  kg.  we 
may  regard  the  upper   mark  as  constant.     Stiii   to  avoi< 
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a8  attached.  The  frame  thus  surrounded  the  vessel  without 
inching  it  ob  the  board  on  which  it  stood.  Without  some 
ich  arrangement  there  would  have  been  friction  between  the 
imper  and  the  sides  of  the  vessel  whenever  the  weight  failed 

•  be  exactly  in  the  centre  of  the  pan.     Furthermore  in  order 

•  check  quickly  all  motion  the  wire  was  passed  through  a  fine 
>le  in  a  stiff  piece  of  leather,  and  the  side  of  the  frame  play- 
g  between  the  prongs  of  a  fork  was  prevented  from  swinging 
trough  a  large  arc.  The  weights  used  had  been  carefully 
librated  so  that  the  average  inaccuracy  was  less  than  TTj-hnr* 

At  first  I  used  as  lower  mark  a  line  diamond-mark  on  the 
ire  itself  or  on  a  glass  bead.  Later  I  used  instead  a  very  fine 
row-point  printed  on  paper,  and  this  secured  an  accuracy  of 
005  mm.  in  the  setting  of  the  cathetometer.  Since  in  some 
ises  the  observed  stretching  of  the  wire  amounted  to  more 
lan  66  mm.  it  is  apparent  that  when  one,  besides  all  this, 
kes  mean  values  of  many  series  of  measurements,  it  is  pos- 
ble  to  attain  a  high  degree  of  accuracy. 

ITiermal  Effects  within  the  Wire. 

It  was  easy  to  foresee  that  the  chief  difficulties  in  measuring 
le  true  elastic  lengthening  would  be  those  arising  from  the 
lastic  after-effect  and  from  the  thermal  effects  due  to  changes 
I  the  volume  of  the  wire.  These  thermal  effects  accordmg 
)  theory  and  observation  are  proportional  to  the  stretching 
'eight,  provided  that  the  stretching  is  not  carried  beyond  the 
>-called  limit  of  elasticity.  By  means  of  special  observations 
rith  a  thermo-pile  I  was  able  to  prove  that  in  all  my  experi- 
lents  there  was  no  perceptible  deviation  from  this  proportion- 
lity,  and  this  fact  may  be  taken  as  evidence  that  in  the 
xperiments  the  stretching  was  not  carried  beyond  the  proper 
mit.  These  thermal  effects  were  in  everj'  case  of  greater 
ifluence  than  the  after-effect. 

The  formula  given  by  Sir  Wm.  Thomson  for  the  diminu- 
ion  in  temperature  Jt  caused  by  the  stretching  weight  Jj?  is 

^*      ATa  . 
Jt  = Jp 

wc 

rbere  A  is  the  heat  equivalent  of  the  unit  of  work,  T  the 
bsolnte  temperature,  a  tne  coefficient  of  linear  thermal  expan- 
ion,  w  the  mass  of  the  unit  of  length  of  the  wire,  and  c 
be  specific  heat  of  the  metal  by  constant  pressure. 
Claufiius*  derives  the  same  equation  and  states  that  Joule 
as  corroborated  it  experimentally.  Still  the  investigation  of 
bnle  on  this  point  aimed  at  and  attained  merely  a  rough  proof 

*Claa8ius,  Mech.  Warmetbeorie,  3  Aufl.  I,  p.  199,  1887. 
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of  the  above  equation.  Edliind*  who  later  repeated  then 
investigations  with  the  best  methods  then  known  obtuned 
thermal  effects  whicb  were  eome  40  per  cent  gmaller  tlian  the 
theoretical.  Taking  Edland's  results  as  a  basis  of  calculatiMi 
I  found  that  in  some  caeee  these  thermal  effects  oonid  affect 
niv  measurements  by  as  much  as  •!  mm.  The  inffuence  irf 
the  after-effect  was  much  less,  as  will  be  ahown  later. 

On  acconnt  of  the  uncertainty  in  determining  at  any  giren 
instant  the  exact  temperature  of  the  wire  after  it  Itad  bean 
stretched,  I  used  in  nearly  all  my  experiments  fine  wires  of 
from  03  mm.  toO'Snmi.  diameter,  for  gucli  wires  assume  quiekfy 
the  temperature  of  the  surrounding  air.  In  order  to  estimate 
the  rapidity  with  which  the  wire  returned  to  its  normal  tem- 
perature after  a  weight  had  been  placed  upon  the  pan,  I  need 
&  thermo-pile  with  mirror-galvanometer  and  scale.  The  thermo- 
pile consisted  of  two  very  fine  wires,  one  of  iron  and  the  otlier 
of  german  silver,  fastened  to  the  main-wire  with  the  least  poe- 
sibie  amount  of  solder. 

The  sensitiveness  as  determined  by  the  mean  result  of  four 
exjjeriments  was  73  scale-divisions  for  1°  Celsius.  In  everp 
case  only  the  6rst  deflection  was  recorded.  The  time  of  vibra- 
tion of  the  needle  was  6'5  sec.  In  determining  the  sensitive- 
ness of  the  thermo-uile  the  junctions  of  the  iron  and  german- 
silver  wires  with  trie  galvanometer  wires  were  immersed  in 
petroleum  of  constant  temperature,  while  the  junctions  wilb 
the  main-wire,  which  were  some  15  mm.  apart,  were  immersed 
in  a  little  rubber  vessel  containing  distilled  water.  The  temper- 
atures of  the  water  and  of  tlie  petroleum  were  accuratelT 
determined,  the  circuit  closed,  and  the  deflection  of  the  needle 
noted. 

In  measuring  the  thermal  effects  produced  by  the  etrelchi 
of  the  wires  the  junctions  of  the  tb 
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•  1*5  kg.  amounted  to  0  225°  according  to  Edlund,  and  this 
ffereBce  of  temperature,  if  it  had  remained  constant  during 
.6  time  of  the  first  deflection,  would  have  produced  a  deflec- 
>n  of  164  scale-divisions  instead  of  the  actual  9*1.  From 
is  one  can  draw  conclusions  as  to  the  rapidity  of  the  disap- 
trance  of  the  thermal  effects. 

In  all  my  experiments,  even  in  extreme  cases,  I  uniformly 
uiid  that  after  a  weight  had  been  placed  on  the  pan  the 
iedle  would  be  deflected  so  as  to  indicate  a  certain  cooling 
id  then  return  with  scarcely  perceptible  delay  to  its  former 
leition.     Thus  it  was  clear  that  after  13  sec.  no  visible  trace 

the  cooling  effect  remained.  If  a  difference  of  tempera- 
re  of  -g*^**,  enough  to  produce  a  contraction  of  0*005  mm.  in 
e  length  of  the  wire,  had  remained,  the  galvanometer  would 
rely  have  indicated  it. 

The  indications  of  the  galvanometer  were  confirmed  by 
^ting  the  gradual  contraction  or  lengthening  of  the  wire 
iinediately  after  unloading  or  loading  the  scale  pan.  In  the 
•st  10  or  12  sec.  there  would  be  a  change  of  say  0*07  mm.  in 
e  length  of  the  wire,  and  then  in  the  following  minute  a 
irther  change  of  001  mm.  The  first  change  one  would  natu- 
lly  attribute  chiefly  to  the  thermal  changes,  the  second  to  the 
ter-effect.  Since  it  is  hardly  possible  in  less  than  12  sea  to 
ace  a  weight  on  the  pan  and  set  the  cathetometer  with  accu- 
icy,  it  was  to  me  a  matter  of  indifference  how  much  quicker 
18  wire  returned  to  its  normal  temperature. 

Here  it  may  be  mentioned  that  Wertheim  did  not  make  his 
leasnrements  until  5  or  10  min.  after  loading  the  pan.  He 
aited,  as  he  says,-  until  the  position  of  the  mark  became  con- 
ant.  In  other  words  he  did  exactly  what  he  should  have 
voided,  he  allowed  his  measurements  to  be  affected  by  tlie 
lost  active  part  of  the  after  effect.  Miller  on  the  contrary 
ent  too  far  in  the  opposite  direction  and  made  measurements 

sea  after  stretching  the  wire.  His  results  are  obviously 
feeted  by  temperature  errors  which  he  in  a  later  article* 
jeks  to  correct 

The  After-effect, 

The  complete  calculation  of  the  influence  of  the  after-effect 
a  my  results  would  have  required  a  large  amount  of  time 
id  trouble. 

In  the  first  place  these  phenomena  have  been  studied  chiefly 
\  the  cases  of  torsion  and  bending,  and  tlie  laws  of  the  after- 
feet  in  the  case  of  stretching,  at  least  as  far  as  the  raetJils  are 
mcemed,  are  unknown.     Further  in  the  present  ease  we  have 

♦Miller,  Wied.  Ann.,  xx,  p.  94,  1883. 
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to  deal  with  the  superposition  of  different  after-effecte,  and  tlie 
problen^  becomes  iimcti  more  complex.  The  after-effect  iothe 
cttse  of  a  strip  of  india-rnbber  is  approximately  proportioMl 
to  the  nia^itude  of  the  stretching.*  Probably  this  applieato 
the  metals  as  well,  and  if  this  is  the  case,  the  after-effect  be- 
comes of  no  account  in  the  qnestion  we  are  discussing,  pro- 
vided the  Qieasurements  are  made  always  a  definite  time  after 
the  stretching  of  the  wire.  Moreover,  since  the  after-effect  in 
my  experiments  was  invariably  small  1  shall  introduce  in  my 
resnits  no  correction  for  that  factor. 

Whenever  the  heaviest  weights  were  used  I  set  the  cathe- 
tometer  13  sec.  after  placing  the  weight  on  the  pan.  This 
could  be  done  by  setting  the  cathetoraeter  approximately 
beforehand.  Careful  measurements  showed  that  this  precao- 
tion  was  necessary  only  when  the  heaviest  weights  were  nsed. 
In  other  cases  it  made  no  apparent  difference  wuether  the  read- 
ing was  made  at  the  end  of  13  sec.  or  a  few  seconds  later.  Tbe 
measurements  were  made  with  rare  exceptions  at  intervals  of 
two  minutes.  In  this  time  the  after-effect  following  the 
release  of  the  wire  had  almost  entirely  disappeared,  as  the 
results  of  two  series  of  experiments  given  on  pages  -tO  and  42 
will  show. 

Still  I  wished  to  know  exactly  how  soon  this  after-effect  dis- 
appeared, and  accordingly  used  the  following  p'^n  '•  -A-  liae 
flexible  linen  thread  was  tied  to  the  bottom  of  the  pan  and 
then  passed  through  a  pulley  beneath  which  was  fastened  to 
the  floor.  The  thread  was  then  made  fast  to  the  axle  of  a 
wheel,  and  thus  by  turning  tlie  wheel  I  could  impart  to  the 
wire  any  desired  tension. 

In  order  to  compare  the  influence  of  the  after-effect  with 
that  of  the  thermal  changes  I  proceeded  as  follows  :  By  means 
of  the  thread  a  tension  corresponding  to  a  certai: 


J.  O.  Thompson — Law  of  JElastio  Lengthening.        39 


PtQ06diiig 
TenflioiL 

Change  firom  2-13  aec 

From  13-30. 

Total  change. 

kg. 

mm. 

mm. 

mm. 

0-6 

0-036 

0-001 

0036 

1-2 

0-062 

0-010 

0-072 

1-8 

0-100 

0-020 

0-120 

le  figures  in  each  colamn  are  mean  values  of  10,  20  and 
asurements  respectively.  That  the  changes  given  in  the 
id  column  come  mostly  from  the  thermal  effects  within 
nrire  itself  and  not  from  the  af ter-efiect  can  be  proved  in 
rollowing  way:  If  we  insert  in  the  equation  which  we 
already  mentioned  in  place  of  A  the  value  ^^Vt  ^  ^^' 
d  by  Edlund  we  get 

M=z--—-~ Jo. 

682-'7  w  c    ^ 

these  experiments  T=285°,  a=0000018,  i^=0000528kg. 
n.,  and  <?=0-094.  Consequently  according  to  the  equation 
3®-15  when  Jp=l  kg.  Since  the  wire  was  22*7  m.  long 
change  in  its  length  for  1**  was  0*409  mm.,  or  0-0614  mm. 
1  Jt  was  O^'-IS.  Therefore  on  removing  stretching  weights 
-6,  1-2  and  1*8  kg.  the  lengthenings  of  the  wire  caused  by 
evolution  of  heat  in  the  first  instant  should  be  0*037,  0*074 
0-111  mm.  respectively.  These  figures  approximate  those 
le  second  colnmn  of  the  above  table  as  closely  as  we  could 
ct  in  an  experiment  of  this  kind. 

rem   what  has   been  said   it   is  safe  to  conclude  that  the 
Bsary  correction  on  account  of  the  after-eflEect  is  verv  small. 

stretching  of  the  wire  caused  by  a  weight  of  1'2  Kg.  was 
>  mm.,  and  the  change  of  0  01  mm.  which  took  place  after 
irst  13  sec.  is  insignificant  in  comparison. 

Method  of  Measurement. 

le  method  followed  in  making  all  measurements  was  the 
J.  After  noting  the  position  of  the  mark  on  the  thermora- 
wire  the  telescopes  of  both  cathetometers  were  sighted  on 
mark  on  the  main-wire,  and  careful  readings  were  made. 
1  a  weight  of  0-2  kg.  was  put  on  the  pan,  the  consequent 
ring  of  the  mark  was  quickly  measurea  by  cathetometer  I, 
then  the  weight  was  immediately  removed. 
ivo  minutes  later  any  shifting  of  the  zero-point  was  meas- 

by  means  of  the  micrometer  screw  of  cathetometer  II, 
then  the  same  process  was  repeated  with  a  weight  of  0*4 

In  some  cases  the  weight  was  increased  to  as  much  as 
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By  means  of  the  micrometer  screw  of  cathetometer  IL  I 
couM  meaenre  the  sliiftiDe  of  the  zero-point  accarately  to 
0*005  mm.  In  this  direction  only  an  extremeW  small  inaccn- 
racy  was  posaihle  becaaae  almost  without  exception  the  gradual 
lowering  of  the  zero-point,  in  consequence  oi  rising  tempen- 
tnre  ana  other  causes,  allowed  the  screw  to  be  turned  alw»B 
in  the  same  direction. 

At  the  end  of  each  series  of  observations  the  zero-point  wis 
again  noted  by  both  cathetometers,  and  the  dieplacemest 
measured.  The  difference  in  the  results  given  by  the  two 
instmmentB  was  on  an  average  lees  than  0*005  mm.  Finally,  in 
order  to  eliminate  the  intluence  of  any  change  of  temperature 
in  the  tower,  the  position  of  the  mark  on  the  thermometer 
wire  was  again  noted. 

Experimenta  with  Srasa  Wire. 

As  an  example  of  the  process  just  described  I  give  the  fol- 
lowing series  of  measuremcnte : 

Apr.  25,  lOh.  5m.  The nnometcr- wire,  540-71 
Temperalure,  9'''5 


Added  weight 

Time. 

CatlLl. 

Cath.  11. 

[iGDgtlieiUIl 

kg- 

h.  m. 

mm. 

mm. 

mm. 

0 

10  8 

548-96 

0-2 

0 

41-84 

015 

7-12 

0-4 

11 

34-70 

« 

14-26 

0-6 

13 

2746 

" 

21-50 

0-8 

15 

20-18 

" 

28-78 

1-0 

17 

12-81 

014 

36-14 

1-2      . 

19 

5-39 

" 

43-56 

14 

21 

497-885 

51065 

I -a 

23 

90-26 

0135 

58-685 

1-K 

25 

si:-fiO 

0-1  i.i 

iiC-335 
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Tdble  of  10  Series  of  Measurements, 


K«. 

. 

Mean  mm. 

0-2 

7-10 

•13 

•12 

•11 

•105 

•12 

•11 

•11 

•12 

•09 

7-111 

0-4 

14-25 

-265 

•26 

•28 

•285 

-27 

•265 

•27 

•28 

•27 

14-269 

0*6 

21-47 

•50 

•50 

•50 

•485 

-495 

•49 

•475 

•49 

-49 

21-489 

0-8 

28-76 

-775 

•78 

•77 

•75 

•785 

•77 

•77 

•79 

-77 

28-772 

10 

86-11 

•125 

•14 

•145 

•115 

•13 

•13 

•11 

•12 

-12 

86124 

1-2 

48-58 

•57 

•56 

•55 

•555 

♦ 

-57 

•55 

•545 

•56 

48554 

1-4 

51-05 

-07 

•065 

•07 

•065 

-06 

•065 

•09 

•055 

•08 

51067 

1-6 

58-66 

•71 

•685 

•71 

•66 

•69 

•675 

•68 

•69 

•675 

58^688 

1-8 

66-88 

-855 

•885 

•86 

•82 

-85 

-31 

•32 

•84 

•82 

66-834 

Ten  additional  series  of  measurements  were  made.  The 
mean  values  derived  from  the  20  series  are  given  in  the  follow- 
ing table  under  x  observed. 


p- 

X  observed 

X  calculated. 

Observed-calc. 

0-2  kg. 

7-111 

•110 

- -0-001 

0-4 

14^272 

•271 

1 

0-6 

21-488 

•488 

db        0 

0-8 

28^770 

•770 

±        0 

1-0 

36-119 

•122 

—        3 

1-2 

43-554 

•554 

ifc        0 

r4 

61^076 

•071 

+         5 

1^6 

68*679 

•681 

—        2 

1^8 

66-341 

Mean  temperature,  9°. 

Cross-section  of  wire,  0^0627  mm.' 

Length  of  wire,  22700  mm. 

Specific  gravity  of  wire,  8*42 

Initial  load,  0-666  kg. 

p  ^  added  weight,  and  x  =  lengthening. 

Expressing  the  result  of  the  measurements  by  an  equation 
of  the  form 

I  obtained  the  equation 

X  =  35-4385  p  +  ©•5353  />' +  0-1487  />' 

The  calculation  of  the  most  probable  values  of  the  constants 
a,  6  and  e?,  was  eflEected  in  this  case,  as  in  all  the  other  cases, 
by  means  of  the  method  of  least  squares.  The  mean  error  of 
the  individual  measurements  calculated  from  the  10  lengthen- 
ings produced  by  a  weight  of  1*4  kg.  and  given  in  the  table  on 
p.  41,  is  O^Oll  mm.  and  the  probable  error  of  the  mean  result 
is  0'0024  mm.  Two  minutes  after  the  weighting  and  release 
of  the  wire  the  mean  lowering  of  the  zero-point  was  0009  mm. 

*  No  measurement  was  made.    If  I  had  waited  for  the  mark  to  come  to  rest  the 
after-effect  would  hare  been  noticeable. 
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The  initial  load,  coneisting  of  frame,  acale-pan,  damper,  and 
half  the  weight  of  the  wire  itself,  amonnted  to  "666  kg.  Thii 
was  probably  twice  as  much  as  was  really  neceaaary  to  keep 
the  wire  straight.  In  later  meaBurements  a  lighter  frame  wi» 
ased. 

Sifp«rim«tit»  with  Copper  Wire. 

The  following  la  one  of  ten  aeries  of  measorementa  made 
dAj  33rd. 

Time  4  h.  7  m.     Thermometer-wire  540-70 


weight 

Une. 

Cath.  I.          Cath.  n. 

h 

engtheni 

kg. 

h.   m. 

mm.                 mm. 

0 

4    9 

Sfi4-82 

0-2 

10 

49-29               0-16 

6-68 

0-4 

12 

43-73                 " 

11-09 

0-6 

14 

39-14 

16-68 

0-8 

16 

32-Sl                  " 

22-31 

1-0 

18 

2664             0-14 

27  97 

1-2 

20 

2114             013 

33-66 

0 

22 

664-795           012 

Lowering 

of  Eero-point,  0-025 

003 

4h 

27  ra. 

Thermometer-wire  640-7C 

At  4  h.  38  m,,  the  beginning  of  the  next  series  of  observa- 
tions, the  zero-point  had  risen  0015  mm.  on  account  of  the 
after-effect.  Tliis  was  generally  tbe  case  between  any  two 
series.  The  influence  oi  the  after-effect,  althoagh  rather  more 
marked  here  than  in  the  case  of  the  other  metals  experimented 
npoq,  was  not  enough  to  affect  the  value  of  the  measaremeats. 

On  this  (lay  the  temperature  was  remarkably  constant.  The 
tuliil  Btcjidy  knuthcniiii;  of  the  thermometer- wire  between  2  b. 
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p.  flvobBenred.  x  calculated.  Observed-calc. 

kg.  mm.  mm.  mm. 

0-2  5-631  -629  +0-002 

0-4  11-084  -086  -          2 

0-6  16-671  -673  -         2 

0-8  22-298  -294  +         4 

10  27-949  -961  —         2 

1*2  33*646  -646  d=         0 

Mean  temperature,  13° '5 
Cross-section  of  wire,  0-0641  mm.' 
Len^h  of  wire,  22690  mm. 
Specific  gravity  of  wire,  8-99 
Initial  load  0  1 92  kg. 

The  fignres  of  the  third  column  were  calculated  according 
to  the  equation 

05=  27-578 />  + 0-3193 />'+ 0-0638 />•. 

The  initial  load  was  0*192  k^.  Measurements  showed  that 
0-16  kg.  sufficed  to  hold  the  wire  straight,  while  0*10  kg.  was 
insufficient 

JBxperhnents  with  Steel  Wire. 

The  following  table  gives  the  mean  result  of  20  series  of 
meafiurements. 


p- 

X  obeerved. 

X  calculated. 

Observed-calc 

kg. 

mm. 

mm. 

mm. 

0-2 

7*078 

•077 

+  0-001 

0-4 

14-196 

-197 

—          1 

0-6 

21-358 

•368 

=fc         0 

0-8 

28-558 

•558 

=fc         0 

1*0 

35-792 

-793 

—          1 

Mean  temperature,  13° 
Cross-section  of  wire,  0*03263  mm.* 
Length  of  wire,  22700  mm. 
Specific  gravity  of  wire,  7*74 
Initial  load,  0*491  kg. 

The  figures  in  the  third  column  were  calculated  according 
to  the  equation 

X  =  35-2725  p  +  0*5725  />' -  0-0525  />' 

An  evidence  of  the  insignificance  of  the  after-effect  may  be 
seen  in  the  fact  that  in  ten  successive  series  of  measurements 
the  lengthening  caused  by  the  maximum  load  deviated  in  no 
case  more  than  -0225  mm.  from  the  mean.  Two  minutes  after 
the  release  of  the  wire  the  mean  position  of  the  zero  point  was 
'01  mm.  lower  than  immediately  before  this  maximum  load 
was  put  on  the  pan. 
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Eeperimenfs  with  Silver  Wire. 

The  following  table  gives  the  mean  reealt  of  eight  Beries  of 
meBBuremfiDta 


0-4  15-820 

0-6  28-775 

0-8  31-758  -766 

1-0  3a'763 

Mean  temperature,  14° 

Cross-Bcction  of  wire,  00687  mm.' 

LcDgtb  of  wire,  22690  mm.  I 

Specific  gravity  of  wire,  10-00  ! 

Initial  load,  0-583  kg. 

The  figures  in  the  third  colnmn  were  calculated  according 
to  the  equation 

X  =  39-4030  p  +  0-3905  j>'  -0031 3  p' 

This  wire  was  not  so  free  from  curves  as  the  others,  and 
consequently  it  was  necesearj  to  begin  with  a  comparatively 
heavy  initial  load. 

The  influence  of  the  after-effect  was  as  a  rule  so  slight  that 
it  could  not  be  measured.  After  each  release  of  the  wire  the 
mark  returned  quickly  to  the  zero-point,  and  the  sinking  of  the 
zero-point  was  explained  almost  entirely  by  the  gradDalrise  in 
temperature  in  the  tower. 

Calculation  of  t/ie  True  Modulus  of  Elasticity. 

1  tlie  results  given  above  it  follows  that  the  modulus  of 

CdiietaTjt,  hilt  ill  evcrv  case  a  function  of  tbe 
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Thus  we  shall  be  in  a  position  to  determine  the  trae  moda- 
Ins  of  elasticity,  the  modnlns  of  the  body  before  it  has  been 
subjected  to  any  deformation  whatever. 

In  order  to  determine  this  true  modulus  we  may  proceed  as 
follows : 

Let  Xq  be  the  lengthening  caused  by  the  initial  load  P^* 
"    X        «  «  "        «  total  weight  P°+je> 

Then  the  observed  lengthening  aj=X— X^ 

Let  X  =aP  +  /9P«  +yV^  (1) 

and  X,=aP^+/?P^a+>^P,3  (2) 

Equation  (2)  subtracted  from  (1)  gives 

a:=(-  aPo-/?P,«-rPo')+«P+/^^+rP'  (3) 

The  results  of  the  measurements  were  given  in  the  follow- 
ing form 

^a(P-P,)  +  6(P-PJ«+c(P-P  )3 
=(-aP+6P,«-cP,3)  +  (a^26f^,+3cP,»)P+{6-3cP,)Pa+ 
cP^  (4) 

Equating  the  coeflScients  of  like  powers  of  the  variable  P 
in  the  two  expressions  for  x  in  (8)  and  (4)  we  obtain 


/9=6-3cP, 


o 
o 


Equation  (1)  which  gives  the  relation  between  elastic  length- 
ening and  stretching  weight  when  one  begins  with  an  initial 
load  zero  becomes  in  the  case  of  the  steel  wire  for  instance 

X=34-672P+0-6498P^-0-0525P» 

and  (^)        =34-672 

With  an  infinitesimal  stretching  weight  the  formula  for  the 
modulus  of  elasticity  is 

where  I  is  the  length  and  q  the  cross-section  of  the  wire. 
Therefore  in  this  case 

„      22683  1  ^^^^^ 

E= . =20050 

0-03263     34-672 

The  length  of  the  unstretched  wire  I  can  be  found  with  the 
help  pf  equation  (2). 

*  P^  represents  the  weight  of  the  frame  with  pan  and  damper,  increased  by 
half  the  weight  of  the  wire. 
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The  eqaatioDB  giving  the  relation  between  ehietic  lengthen- 
ing and  Btretching  weight  when  one  begins  with  zero  loM  aie 
as  follows ; 

Steel X=34-6-2P+0-6i98P'  -0-0525P* 

JBraas X=:34-924P+0-2386P»+014e7P« 

Siloer X=38-907P+0-4462P*— 00313P» 

Copptr X=27'46lP-i-0-2883P»+0-0538P» 

The  specific  gravities,  cross-sections,  and  moduli  calculated 
by  the  above  method  are  given  in  the  following  tabla 
True 
Sp.  Or.        CroHs-Bection.  Ucdulus.        Modului  L     Uodului  IL 

Steel 7-74  0-03263  20050  19430  19280 

Brass  ...   9-42  0-0627  10370  9820  9450 

Silver  ...1000  00687  8490  8300  82*0 

Copper..    8*99  0-0641  12890  12620  13420 

In  order  to  show  still  more  clearly  the  dependence  of  the 
modulas  on  the  tension  I  add  two  more  columns.  The  next 
to  the  last  column  gives  the  modulus  which  oue  would  obtain 
if  only  the  lengthening  caused  by  the  maximum  added  load 
were  taken  into  account.  The  last  column,  the  moduloB  which 
would  be  obtained  if  only  the  increase  of  lengthening  caosed 
by  the  last  0*2  kg.  should  be  made  the  basis  of  calculation.  As 
will  be  seen,  the  true  modulus  of  elasticity  of  the  brass  wire  is 
nearly  10  per  cent  greater  than  the  one  given  in  the  last 
column. 

Iiijtuence  of  Contraction  of  Vrott- Section. 
"When  a  wire  is  stretched  so  that  each  unit  of  length  in- 
creases by  S,  the  cross-section  becomes  Q^(l  — 2/j5)  if  Q;,  is  the 
original  cross-section.  Theoretically  [i  can  have  in  different 
bodies  any  value  between  the  limits  0  and  i-  Supposing  that 
'  1  the  ease  of  i^teel  /f=0-a04.  af-  Kiri-lilKig  j-tatcs.  \ve  titid  thai 
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were  gradually  increased  to  a  maximum  of  18  kg.  and  with- 
out exception  the  results  obtained  were  similar  to  those  which 
I  have  reported.  The  reasons  however  why  1  preferred  to  use 
fine  wires  are  first,  because  in  these  the  thermal  effects  vanish 
more  rapidly,  and  second,  because  the  loading  and  unloading 
can  be  done  in  shorter  time,  and  thus  the  after-effect  is  more 
completely  eliminated. 

Earlier  Investigators. 

Since  these  investigations  have  yielded  results  which  are  at 
variance  with  those  hitherto  obtained,  it  is  desirable  to  search 
for  an  explanation  of  the  discrepancy.     It  is  evident  that  the 

presence  of  curves  and  bends  in  the  wire  would  give  to  —  too 

large  a  value  which  would  gradually  decrease  as  the  wire 
grew  straight.  This  circumstance  would  account  for  Strad- 
ung's  remark*  according  to  which  the  modulus  of  elasticity 
would  increase  with  the  tension,  and  is  the  probable  explana- 
tion of  the  fact  that  Wertheimf  in  the  case  of  annealed  plati- 
num finds  the  modulus  increasing  with  the  weight.  Further 
the  almost  universal    result  obtained  by  other  investigators, 

namely  that  —  has  a  constant  value,  can  be  explained  in  the 

very  same  way.     The  diminution  of  the  modulus  alone  con* 

sidered  would  make  —  larger,  while  the  gradual  straightening 

of  the  wire  would  tend  to  make  it  smaller.  The  combination 
of  these  two  factors  could  easily  lead  to  the  conclusion  that 

within  the  limits  of  errors  of  observation  —has  a  constant 
value. 

Discussion  of  JResiUts. 

Whatever  the  nature  of  elastic  force  may  be,  whether  it  is 
an  essential  property  of  matter,  or  a  derived  property  which 
can  be  accounted  for  by  the  rotation  of  atoms,  the  fact  was 
established  by  Wertheim  that  between  the  elasticity  of  a  body 
and  its  density  there  exists  an  intimate  relation.  Conclusion  \ 
of  his  investigation  is  as  follows ::{:  ^^The  coefficient  of  elas- 
ticity is  not  a  constant  for  one  and  the  same  metal.  All  cir- 
cumstances which  increase  the  density  make  it  larger,  and  con- 
versely."    These  words  justify  a  deduction  which  Wertheim 

•Stradling,  Wied.  Ann.,  xli,  p.  332,  1890. 

(Wtrtheim,  Pogg*  Ann.  Erganz.,  ii,  p.  46,  1848. 
Wertheim,  Lap.  69. 
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himself  seems  not  to  have  made,  for  conclusion  VII  shows  tint 
he  did  not  look  for  an;  change  in  the  modulns  of  elaatid^ 
until  the  density  of  the  body  had  been  permanently  altered 
Wertheim  proved  that  the  density  of  a  wire  before  an  experi- 
ment differs  very  slightly  from  its  density  after  it  has  been 
broken  by  its  load.  He  therefore  concludes  that  in  one  ind 
the  same  wire,  even  when  it  is  in  different  conditions  of  equi- 
librium, the  modulus  of  elasticity  can  vary  only  a  very  little. 

But  it  should  be  kept  in  mind  that,  although  on  account  of 
the  contraction  of  cross-section  the  change  in  density  is  slight. 
the  mean  molecular  distance  in  the  direction  in  which  the 
tension  is  exerted  probably  increases  by  a  very  considerable 
amount.  And  it  is  probable  tliat  tbe  variability  of  the  modo- 
lug  of  elasticity  should  be  attributed  not  so  much  to  the  alten- 
tion  in  density  of  the  body  considered  as  a  whole,  as  to  this 
change  of  mean  molecular  distance  in  the  direction  of  the  ten- 
sion. According  to  Wertheim's  own  assumption  we  shonld 
have  in  one  and  the  same  metal 

Mod.  of  elasticity  X'^'^  constant, 

where  a  represents  tbe  mean  molecular  distance.  Aocordiof; 
to  this  any  change  in  a  would  produce  in  ibe  modulus  a  change 
proportionally  seven  times  as  great,  and  this  in  the  case  of  tbe 
stretching  of  a  wire  can  become  very  noticeable.  According 
to  my  own  measurements  to  be  sure  a  much  higher  power  than 
the  seventh  must  be  assumed  in  tbe  formula. 

If  it  is  universally  true  that  an  increase  of  the  mean  mole- 
cular distance  causes  a  diminution  of  the  modulus  of  elasticity 
according  to  a  definite  law,  then  in  those  metals  which  have 
the  largest  coefficients  of  thermal  expansion  the  decrease  of 
the  modulus  of  elasticity  with  the  temperature  ought  to  be 
most  rapid.     That  this  is  actually  the  case  has  been  already 
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of  india  rubber  has  been  observed  by  Miller*  These  facts 
and  the  results  of  my  experiments  Justify  the  conclusion  that 
in  every  case  the  modulus  of  elasticity  of  a  body  is  a  function 
of  ths  m^oleoula^  distance,  and  that  every  agency,  whether  it  he 
Aeai  or  mechanical  force,  which  increases  this  molecular  dis- 
tancej  produces  a  diminution  of  the  m,odulus  of  elasticity. 

This  relation  which  is  enunciated  here  for  the  first  time  as  a 
general  law  has,  as  far  as  I  am  aware,  no  exception  which  can- 
not be  explained  by  the  necessary  erirors  of  observation. 

It  is  interesting  to  notice  that  in  many  instances  the  theory 
of.  probabilities  is  able  to  deduce  from  the  measurements  of 
Wertheim  results  similar  to  mine.  The  following  values  for 
the  moduli  of  pure  gold  (Wertheim,  1.  c.  p.  30),  and  pure 
silver  (p.  45)  show  on  their  face  an  evident  diminution  as  the 
stretching  weight  increases. 

silver. 


7701 
7578 
6476 
7566 
7213 
7123 

In  other  cases,  for  instance  in  the  measurements  made  with 
copper  (p.  35)  and  silver  (p.  31)  where  consecutive  values  of 
the  modulus  differ  by  as  much  as  10  per  cent  it  is  necessary  to 
apply  the  theory  of  probabilities. 

In  the  previously  mentioned  measurements  with  annealed 
platinum  the  opposite  tendency  can  probably  be  explained  by 
curvature  of  the  wire. 

Whether  in  the  method  of  flexure  it  is  possible  to  detect  a 
dependence  of  the  modulus  on  the  amount  of  the  load  I  have 
not  had  time  to  investigate.  Since  however  the  compression 
on  one  side  of  the  neutral  layer  is  equal  to  the  extension  on 
the  other,  ancf  consequently  the  density  remains  either  exactly 
or  very  nearly  the  same,  it  is  probable  that  in  this  case  no 
change  in  the  modulus  of  elasticity  could  be  observed. 

A  number  of  relations  and  applications  of  this  true  law  of 
elastic  lengthening  to  other  physical  laws,  and  other  phenomena 
observed  in  the  course  of  my  experiments,  I  shall  discuss  at 
some  future  time. 

*  Miller,  1.  c. 
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7030 

4 

6391 

5 

5021 

6 

5492 

7 

5340 

8 

5291 

9 

4972 

10 

5140 
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Conclutiont. 

I.  The  generally  accepted  law  of  elastic  lengthening  x=aY, 
according  to  which  the  lengthening  x  is  proportional  to  the 
stretching  weight  P,  is  only  an  approximation. 

II.  The  relation  between  elastic  extension  and  stretobing 
weight  can  be  expressed  by  an  equation  of  the  following  form : 

X=«P+/3Pa+j'P' 

III.  The  inoduhis  of  elasticity  of  the  undeformed  body  can 
be  calculated  with  the  help  of  the  equation 

IV.  The  true  moduli  of  elasticity  calcnlated  in  this  way 
may  be  as  much  as  10  per  cent  larger  than  those  determined 
in  the  ordinary  way.  Consequently  it  will  be  necessary  to 
recalculate  physical  constantswhich  depend  on  the  modnluBof 
elasticity. 

riaverford  College  Labomtoiy. 


Art.  VI. — A  Method  for  the  Quantitative  Separation  of 
Strontium  from  Cidcinm  hy  the  Action  of  Amyl  Alcohol  on 
the  Nitrates ;  by  P.  E.  Browning. 

[Contribvilions  fkiin  the  Kent  Chemical  Laboratory  of  Tale  College — XI.] 

At  the  suggestions  of  Prof.  F.  A.  Gooch,  and  followingthe 
general  mode  of  procedure  laid  down  in  his  paper*  upon  the 
separation  of  sodium  and  potassium  from  litnium  by  the 
action  of  amyl   alcohol  on  the  chlorides,  1  undertook  a  series 

of    experiincuts  l(inkin<;  toward    the  sepit ration   of    strontiiiTii 
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nitric  acid,  and  4naking  up  to  measure.     In  the  earlier  experi- 
ments other  methods  of  purification  were  used,  such  as  the 
precipitation  of  the  strontium  nitrate  by  alcohol,  and  in  case 
of  the  calcium  salt  the  preparation  of  the  nitrate  from  the 
carbonate  precipitated  by  ammonium  carbonate  from  a  solu- 
tion of  calcium  sulphate.     The  method  first  described,  however, 
^ve  satisfactory  results,  the  spectroscope  failing  to  show  in 
the  product  thus  obtained  any  trace  of  intermixture  of  calcium 
and  strontium  salts,  or  the  presence  of  any  other  appreciable 
impurity.     In  the  determination  of  the  standards  of  these  solu- 
tions  definite  amounts   were   drawn  off   from  burettes  into 
counterpoised  beakers  or  crucibles  (according  as  the  method  of 
determination  was  by  precipitation  or  evaporation)  and  weighed 
as  a  check  on  the  burette  reading.     The  strontium  nitrate  in 
each  portion  was  converted  into  the  sulphate  either  by  pre- 
cipitation in  the  presence  of  alcohol,  or  by  evaporating  and 
igniting ,  these  methods  yielding  results  closely  agreeing.     The 
calcium  was  determined  by  evaporation  with  sulphuric  acid. 
The  first  series  of  experiments  was 'directed  toward  an  investi- 
gation of  the  action  of  amyl  alcohol  upon  strontium  nitrate 
alone.     Accordingly  several  amounts  of  the  strontium  salt  were 
measured  from  a  burette  into  counterpoised  Bohemian  beakers 
of   about  100  cm*  capacity,  and  weighed.      The  water  was 
then  evaporated  over  a  water  bath,  and  the  dry  salts  dissolved 
in  a  few  drops  of  water  and  boiled  with  30  cm*  of  amyl  alco- 
hol, that  amount  being  determined   upon    for    convenience. 
Care   should   be  taken  not  to  add  more  than  the  necessary 
amount  of  water  to  dissolve  the  salt,  inasmuch  as  the  presence 
of  much  water  delays  the  process  (it  being  necessary  to  expel 
all  the  water  before  the  amyl  alcohol  can  do  its  work)  and 
tends  to  cause  spattering  due  to  the  superheating  of  the  water 
and  consequent  sudden  generation  of  steam  under  the  alcohol. 
It  has  been  my  experience  that  in  the  presence  of  a  few  drops 
of  water  the  boiling  goes  on  quietly,  the  water  escaping  easily 
through   the  amyl  alcohol,   so   that   in  the  course  of   a  few 
minutes    the    alcohol   reaches  its  normal  boiling  temperature 
(128''-130°  C.)     In  order  that  the  inflammable  fumes  of  the 
alcohol   might  not  reach  the   flame   during  the   boiling   the 
beaker  was  placed  upon  a  piece  of  asbestos  board  about  15  cm. 
square.       When  the  temperature  of    the  alcohol    reached  its 
normal  boiling  point  (128° — 130°  C),  as  shown  by  a  thermom- 
eter, the  beaker  was  removed  and  the  strontium  nitrate  filtered 
off  upon  an  asbestos  felt  in  a  perforated  platinum  crucible,  the 
crucible  and  felt  having  been  previously  dried  and  weighed. 

The  filtration  was  carried  on  under  gentle  pressure,  the  fil- 
trate being  received  in  a  beaker  standing  under  a  bell  jar  upon 
a  ground  glass  plate.      The  last  traces  of   strontium  nitrate 
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were  removed  from  the  beaker  by  washing  with  small  amonnti 
of  previously  boiled  amy!  alcohol  coDtamed  in  a  wash-bottle 
the  mouthpiece  of  wliicli  consisted  of  a  small  chloride  of  cal- 
cium tube  passing  through  the  stopper  and  drawn  out  and 
plugged  at  the  lower  end  with  cotton  to  exclude  particles  of 
the  calcinm  salt  from  the  alcohol.  By  this  device  the  intra- 
duction  of  moisture  into  the  amy]  alcohol  was  guarded  acaiMt 
The  crucible  containing  the  strontium  nitrate  was  placed  in  tm 
air  bath  and  heated  to  150°  C,  to  drive  o£E  all  amyl  alcohol, 
and  weighed.  A  constant  weight  was  obtained  uniformly  in 
one  treatment.  Series  I  contains  the  results  of  these  experi- 
ments, the  strontium  being  calculated  as  oxide. 


SrO  found  0' 


W 


Losa  D'OO09  gr 
'■  00010  ' 
"  0-OOU  ' 
"     OOOU    ' 


These  results  suggested  a  possible  solubility  of  the  stron- 
tium salt,  and,  accordingly,  experiments  were  made  to  test  this  | 
point.  Amounts  of  strontium  nitrate  closely  agreeing  with  i 
those  above  were  taken  and  treated  in  the  same  manner  Tlie 
filtrates  amounting,  without  the  washings,  to  about  25  cm' 
were  evaporated  to  dryness.  The  residue  was  ignited  to  bum  off 
organic  matter  from  the  amyl  alcohol,  treated  with  sulphnric 
acid,  heated  to  low  redness,  and  weighed.  In  two  cases  the  resi- 
due of  strontium  sulphate  was  found  to  contain  of  the  oxide  re- 
spectively 0-0009  grm.  and  0  OOIO  grm.  As  will  be  seen  the 
solubility  of  the  strontium  nitrate  averages  about  O'OOIO  grm. 
of  the  oxide  to  30  cm'  of  amyl  alcohol  used.  The  exact 
extent  of  this  solubility  de])ends,  of  course,  upon  the  amount 
of  amyl  alcohol  remaining  after  boiling;  and,  since  the  a 
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snlphate  and  weighed  as  such,  and  the  results  of  these  experi- 
mente  (5  and  6)  go  to  show  that  the  composition  of  the  stron- 
tium nitrate  is  not  appreciably  changed  in  the  process  of 
separation  and  drying.  In  certain  other  experiments  directed 
to  the  same  end,  the  residues  of  the  process  of  separation  were, 
after  weighing  and  drying,  treated  with  a  drop  of  nitric  acid, 
and  again  dried  at  150°  C.  and  weighed.  These  tests  (7)  and 
(8)  confirm  the  indications  of  the  previous  experiments.  Fi- 
uaJly  a  third  experiment  was  made  upon  strontium  nitrate 
dried  at  150°  C.  to  see  what  decomposition  might  result  by 
heating  to  temperatures  somewhat  higher  than  150°  C. — the 
temperature  at  which  the  residues  of  the  previous  experiments 
had  been  dried.  The  result  shows  that  the  loss  in  the  twenty- 
five  degrees  above  150°  C.  is  exceedingly  slight. 

(  Sr(NO,),  calculated  as  SrO 0-1219  grm. 

(5)  }  The  same  dissolved  and  precipitated  as  SrSO^ 

(      calculated  as  SrO 0-1219  grm. 

f  Sr(NO,),  calculated  as  SrO 0-1213  grm. 

(6)  -J  The  same  dissolved  and  precipitated  as  SrSO^ 

(      calculated  as  SrO 0-1214  grm. 

(  Sr( NO,),  calculated  as  SrO 01 228  grm. 

(7)  <  The  same  dried  at  160°  C.  after  adding  a  drop  of 

(      HNO, 0-1 228  grm. 

C  Sr(NO,),  calculated  as  SrO 0-1239  grm. 

(8)  <  The  same  dried  at  150°  C.  after  adding  a  drop  of 

(       HNO, 0-1239  grm. 

(  Weight  of  Sr(NO,),  dried  at  150°  C 0-2482  grm. 

(9)  •<  Weight  of  the  same  portion  dried  at  165°  C 0-2480  grm. 

(  Weight  of  the  same  portion  dried  at  175°  C 0*2478  grm. 

When  calcium  nitrate  was  treated  in  a  similar  manner  by 
boiling  with  amyl  alcohol  the  mass  of  the  salt  dissolved,  but 
minute  portions  separated  out  on  the  bottom  or  sides  of  the 
beaker.      Such  residues  were,  however,    very  small  and   on 
weighing  were  found  not  to  exceed  00003  grm.  or  0-0004 grm. 
of  the  oxide.     In  several  instances  this  insoluble  residue  was 
washed  thoroughly  with    ethyl   alcohol,    dissolved   in    water, 
tested  before  the  spectroscope  and  found  to  give  the  charac- 
teristic calcium  spectrum.     All  experience  pointed  to  the  fact 
that  the  formations  of  the  residue  was  due  to  some  very  slight 
change  of  composition  of  the  calcium  nitrate.     On  one  or  two 
occasions   the   acidified   solution   of  the   residue  appeared  to 
reduce  a  drop  of  an  extremely  dilute  solution  of   potassium 
permanganate,  and  this  action  suggested  the  presence  of   a 
nitrite.     Treatment  of  this  residue  with  nitric  acid  and  subse- 
quent evaporation  of   the  excess  of  acid  failed,  however,  to 
leave  the  calcium  salt  in  a  condition  to  be  dissolved  by  amyl 
alcohol. 
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It  is  poBsiblc,  therefore,  that  the  real  cause  of  insolnbility  is 
to  be  soQght  in  the  oxidation  of  the  smyl  alcohol  and  conae- 
quent  formation  of  an  organic  acid,  and,  subsequentlj,  of  the 
corresponding  calcium  aalt,  but  the  anionnts  of  the  residne 
were  so  extremely  email  that  it  wae  not  practicable  to  solre 
this  question,  at  once,  exactly  and  satisfactorily  withoat  direct- 
ing attention  too  far  from  tlie  main  isBue.  Moreover,  the 
error  introduced  by  this  peculiar  behavior  of  the  calcinm  salt 
proved  to  be  insigniticant  in  its  effects  upon  the  quantitaUve 
determination  of  the  calcinm,  and  accordingly,  it  was  die- 
regarded  in  the  subsequent  tests. 

The  next  experiments  were  directed  toward  a  separation  of 
strontium  and  calcium  nitrates.  Definite  araonnts  of  a  solu- 
tion of  strontium  nitrate  were  measured  from  burettes  into 
counterpoised  beakers  and  weighed,  as  already  described,  the 
calcinm  nitrate  was  then  added  in  solution,  and  the  .weisht 
taken  again.  The  water  was  evaporated  and  the  dry  salts  aie- 
solved  again  in  the  least  possible  amount  of  water,  and  boiled 
with  amyl  alcohol,  (30  cm.')  as  before.  The  strontium  salt 
was  tiltered  off  into  a  perforated  platinum  crucible  containing 
an  asbestos  felt,  dried  and  weighed  as  previously  described. 
The  calcium  was  determined  in  the  form  of  the  sulphate,  by 
evaporation  of  the  alcohol,  treatment  with  an  excess  of  sulphu- 
ric acid,  and  ignition. 

Correction  was  made  for  the  solubility  of  the  Btrontinm 
nitrate,  and  its  consequent  presence  with  the  calcium,  by  cal- 
culating the  amount  dissolved  in  the  portion  of  amyl  alcohol 
employed  to  the  condition  of  sulphate  and  subtracting  thai 
quantity  from  the  apparent  amount  of  calcium  sulphate  found. 
The  results  of  this  mode  of  proceeding  are  recorded  in  experi- 
ments (10)  and  (11). 
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)  residue  was  then  dried  at  a  gentle  heat  over  a  radia- 
jmove  ainyl  alcohol,  dissolved  in  a  few  drops  of  water, 
with  a  drop  of  nitric  acid  to  assare  the  condition  of  m- 
d  evaporated  to  dryneas.  After  dissolving  in  a  few  drops 
r  30  cm.*  of  the  alcohol  were  added,  and  the  boiling 
i.  The  residue  was  filtered  off  upon  the  same  felt 
I  which  the  first  portion  had  been  decanted,  and  washed 
iiyl  alcohol,  care  being  taken  to  remove  all  particles  of 
due  from  the  beaker  by  careful  rubbing.  The  crucible 
idue  were  heated  in  an  air  bath  at  150°  C.  as  before, 
n  weighed.  The  filtrate  from  the  two  treatments  and 
things  were  treated  differently  in  two  series  of  experi- 
In  Series  II,  the  filtrate  was  precipitated  with  sul- 
icid,  ethyl  alcohol  being  added  to  secure  thorough  mix- 
rhe  precipitated  sulphate  was  filtered  off  upon  asbestos, 
to  low  redness  and  weighed.  In  Series  ill,  the  alco- 
trate  was  evaporated  to  a  small  volume,  transferred  to 
ed  platinum  crucible  and  evaporated.  The  residue  was 
to  burn  off  organic  matter,  treated  with  sulphuric  acid 
in  ignited  at  low  redness  and  weighed. 

Series  II. 

Icen.      SrO  found.       Error.  CaO  taken.     CaO  found.  Error, 

(corrected.)  (corrected. 

Dgrm.  0*1239grra.  •0004grm.+  0  1290grm.  0-1271  gmi.  0-0019grm.— 

7     *'  0-1228    "      -0009    '-    —  0-1246    "       0-1226    '*  0*0020  *'     — 

9    "  0-1239    •'       0000    -'         0  1248    "       01223     "  0*0025  *'     — 

4    "  0-1972    "       0002     "    -  0-.I502    "       0  0492    *'  O'OOIO  *'     — 

9    "  0-1978    "      -0001     '*    -  0  0496    '*       00482    '•  00014  *'     — 

Series  III. 

3  "  00155  '•  0-0007  "  +  00256  "  00254  "  '0002  "  — 

3  "  0-0183  "  00000  "  0  1030  "  0*1015  "  -0015**  — 

4  "  0  0366  "  00002  "  +   0  0516  "  00511  "  -0005   "  — 

5  "  00365  "  0-0000  '*  00515  "  00513  "  -0002   *'  — 

3  "  0*0494  "  0  0001  *'  +  0  0515  "  00502  '*  *0013  "  — 
7  "  0-0497  "  00000  "  0  0519  ''  00511  **  '0008  "  — 
7  "  0-0503  "  0  0006  '•  +  00249  "  00245  "  '0004  "  — 
9  "  0-0732  •'  00003  "  +  0  0257  '*  00251  '*  '0006  *'  — 
0  "  00732  "  0-0002  '*  +  0  0255  -  0  0255  "  0000  *' 

4  "  0-0744  "  0  0000  '*  00258  *'  0*0200  "  -0002  '*  + 
2  "  0-0910  '•  00002  '*  —  0-1286  "  0*1276  "  '0010  "  — 

iverage  error  in  the  determination  of  strontium  in  both 
less  than  0  0001  grm.  -f  on  the  oxide ;  that  of  the  cal- 
nounts  to  00017  grm.— on  the  oxide  in  Series  II,  and 
5  grm. —  in  Series  HI. 

th  processes  the  correction  for  the  solubility  of  stron- 
trate  in  amyl  alcohol,  determined  as  previously  de- 
was  applied — 0  0020  grm.  being  added  to  the  weight 
trontium  oxide  found  after  the  double  treatment  with 
5ohol,  and  0*0085  grm.  being  deducted  from  the  appar- 
jht  of  the  calcium  sulphate  found  before  calculating  it 
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to  the  form  of  the  oxide.  The  latter  of  the  two  proceseOr 
wbicli  are  identical  bo  far  bb  handling  of  the  Btrontinm  is  con- 
cerned, yields  the  better  results  in  the  determination  of  the 
calcium,  donbtlese  becaase  a  triiling  amount  of  calciam  salpbtte 
remaioe  in  solution  in  the  final  liltrate  in  the  former  procefs, 
while  in  the  latter  every  trace  should  be  recovered.  The 
deposition  of  minute  traces  of  calcium  in  the  precipitation  df 
the  strontium  nitrate,  to  which  reference  hHS  been  previoaslj 
made,  is  evidently  a  matter  of  no  sigoiticance  in  comparisoa 
with  the  ordinary  errors  of  manipulation. 


Art.  til — The  Relation  of  Melting  Point  to  Pressure  in 
Case  of  Igneous  rock  fusi<>n  ;  by  C.  BarDS. 

To  determine  this  important  constant  for  diabase,  I  made 
use  of  the  thermodynamic  principle  (Clausius,  I,  chap,  vii, 
%  SV  From  my  last  note*  the  fusion  specific  volumes,  solid 
and  liunid,  are  known.  Hence  it  is  merely  necessary  to  deter- 
mine tne  latent  heat  of  fusioQ. 

Two  series  of  measurements  of  the  thermal  capacity  of  dia- 
base, containing  27  independent  measurements,  were  made 
between  700°  and  1400°.  The  first  series  gave  me,  in  gram 
calories,  for  the  mean  specific  heat,  solid,  between  800°  and 
IKKj",  304;  for  the  mean  specific  heat,  liquid,  between  1200° 
and  1400°  -350;  for  the  latent  heat  of  fusion  (1200°),  24: 
and  for  the  lieat  set  free  on  solidification  (1100°),  16.  Simi- 
larly the  second  series  gave  me,  QSO,  '360,  24,  and  16,  respec- 
tively. The  last  series  is  much  the  more  trustworthy  and  its 
accuracy  may  be  inferred  from  the  following  pairs  of  values  of 
teiii|w.Tatiire  and  tiiernial  capacity:    (solid)   T81',    ISO; 
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1200®  respectively,  the  latter  being  very  near  the  melting 
it. 

ombining  the  present  series  1  with  the  former  series  III, 
tain  for  the  relation  of  melting  point  and  pressure,  dT/dp, 
200%  since  ^=1470°,  cT—r=  •0394/2-72,  /•'=r24,  dT/dp^ 
;  and  at  1100°,  since  7^=1370°,  cT--r=  •0385/2-72.  r'=16, 
flJp=-029.  Similarly  combining  the  present  series  II  with 
former  series  IV,  at  1200°,  since  cT-r= -0352/2-72,  r'=24, 
'rfp=:  019 ;  and  at  1100°,  since  cT-r=  -0341/2-72  and  r'=16, 
'fl5>=-026. 

ence  the  probable  silicate  value  of  dT/dp^'02h  at  1170°, 
nicely  within  the  margin  (-020  to  036)  of  corresponding 
for  organic  substances  (wax,  spermaceti,  paraffin,  naphtha- 
thymol).  I  may  therefore  infer  that  the  relation  of  melt- 
point  to  pressure  in  case  of  the  normal  type  of  fusion,  is 
ly  constant,  irrespective  of  the  substance  operated  on,  and 
)ite  of  enormous  differences  of  thermal  expansibility  and 
bably)  of  compressibility.  A  portion,  in  a  given  substance 
t^ed  only.as  to  temperature  and  pressure,  the  relation  of 
;ing  point  and  pressure  is  linear. 

he  immediate  bearing  of  all  of  this  on  Mr.  Clarence  King's 
ogical  hypothesis  is  now  ripe  for  enunciation. 


.  VIII. — The  discovery  of  Clymenia  in  the  Fauna  of 
e  Intumescens  zone  {Naples  ieds)  of    Western  New  Yorky 
id  its  Geological  Significance;  by  John  M.  Clarke. 

HE  ammonoid  genus  Clyrnenia  Miinster,  has  not  hereto- 
been  found  in  North  America.  As  early,  however,  as 
J,  Professor  Hall  doubtfully  referred*  to  this  genus,  a 
1  from  the  Portage  shales,  the  Clymenia  ?  complanata^ 
in  1862f  re-described  the  species  without  the  mark  of 
>t,  at  the  same  time  adding  a  new  specific  name,  6".  Erato^ 
a  fossil  from  the  same  fauna.  Subsequently  these  fossils 
J  proved  to  be  of  the  same  species,  ana  though  the  name 
nenia  was  still  retained  as  late  as  1876,:}:  it  was  finally  and 
3  properly  abandoned  in  1879.§ 

be  present  discovery  of  a  true  Clymeiiia  in  a  lower  Upper 
onian  fauna  containing  Goniatites  intumescens  and  various 
r  primordial  goniatites,  was  unexpected  and  is  of  consider- 
geological  importance. 

*  Geology  of  New  York,  Report  of  the  Fourth  District,  p.  244. 
t  Fifteenth  Ann.  Kept.  X.  Y.  State  Cab.  Nat.  Hist,  pp  63,  64. 
t  niustrations  of  Devonian  Fossils,  expl  pi.  70,  figs.  6-11. 
§  Paleontology  of  New  York,  voL  v,  pt.  2,  p.  465. 
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The  material  obtained  ia  from  a  calcareons  concretion  found 
in  Shartleff's  Gnlly  in  Livingston  County,  N.  Y.,  not  farnp 
in  the  shales  of  the  Naples  beds.  This  concretion  has  alto 
afforded  specimens  of  an  undescribed  G^kyroeeraa  of  verj 
common  occurrence  in  this  faana,  Tomoceraa  untanguhn 
Conrad,  Baotritea  sp.  nov.,  or  very  like  S.  carinatiu  Moiu- 
ter,  Loxonema  Noe  Clarke,  Palceotrockua  prtscursor  Clarke, 
Piatyttoma  minutissimuTn  Clarke,  Bellerophon,  sp.  indea, 
Styliolina  Jiaauretla  Hall,  Cardiola  {X\  Doris  Hall,  Xunuit- 
cardium,  sp.  nov.,  coinmon  tbroughout  the  fauna. 

The  specimens  consist  of  about  thirty  examples  of  a  single 
species  in  an  exceptionally  fine  condition  of  preservation, 
smording  the  various  stages  of  growth  from  the  protoconchto 
maturity.  As  the  exterior  of  the  shell  is  so  exqnieitelj 
retained  and  theearlier  whorls  are  compactly  filled  with  silici 
it  has  been  a  difficult  task  to  determine  with  precision  the 
variations  in  the  form  of  the  suture. 

Description  of  the  species. — The  mature  individaals  are  of 
small  size,  tlie  largest  example  retaining  the  chamber  of  halri- 
tation  having  a  diameter  of  14°"".  The  outer  chamber  is  long, 
extending  nearly  three-fonrths  the  length  of  the  last  volntiou. 
The  shell  is  widely  nmbilicate,  the  successive  whorls  scarcely 
overlapping;  the  number  of  revolutions  from  the  proximal 
end  of  the  protoconcli  is  5J  or  fi.  The  chamber  of  habitatioD 
is  eubtrapczoidal  in  section,  widening  at  the  base  where  its 
sides  are  rather  abruptly  incurved  to  embrace  the  ventral  sur- 
face of  the  inner  whorl.  The  sides  slope  outward  with  some 
convexity  and  the  ventrurn  is  flattened,  sometimes  very  slightly 
convex  or  concave. 

The  protoconch  is  broad,  transversely  ellipsoidal,  and  has  a 
diameter  of  9°™,  In  adolescent  growth  stages  it  is  not  prom- 
iriL-Tir  on    iicconnt  of   the  iili.'^iTiCL'  of  anv  oontniction  of  the 
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n  characterizing  maturity.  The  body-chamber  is  covered 
ii  fine,  elevated,  falciform  strise  which  make  a  broad  retral 
ve  in  crossing  the  latera,  are  bent  forward  sharply  along  a 

depression  just  within  the  ventrum ;  along  the  low  exter- 
carinse  they  are  again  bent  backward  forming  a  series  of 
8e  festoons  on  the  ventrum  itself.  On  the  early  whorls 
36  lines  are  not  apparent ;  there  the  ornamentation  consists 
I  series  of  lamellar  spinous  processes  occurring  at  regularly 
-easing  intervals.  These  originate  on  the  median  and  outer 
tions  of  each  whorl  and  are  projected  against  the  inner 
e  of  the  succeeding  whorl.  They  present  a  concave  face 
3riorly  and  are,  when  entire,  considerably  extended  at 
it  angles  to  the  axis  of  the  shell.  These  varices  appear  on 
first  half  of  the  third  volution  and  from  this  point  on,  in 
elected  example,  nine  may  be  counted  for  the  next  volu- 
I ;  the  whole  number  exhibited  by  the  specimen  to  the  last 
tact  with  the  body  whorl  being  seventeen.  On  the  exposed 
>rl  no  further  trace  of  the  processes  is  observable  than  a 
iency  on  the  earlier  half  of  the  volution  to  the  formation 
rite  or  a  bunching  of  the  stri®. 

^he  aipho. — The  dorsal  or  internal  position  of  the  sipho  has 
n  observed  in  several  instances.  The  siphonal  funnel  is 
y,  conspicuously  developed,  and  open  along  its  inner  surface. 
Ices  not  appear  to  have  extended  across  the  air-chamber,  as 
he  Nothoclymenioi  and  I  have  seen  no  evidence  of  a  true 
lonal  tube  connecting  these  funnels.* 

^he  sutures, — At  maturity  the  septum  is  concave  medially, 
vex  at  the  sides.  There  is  no  ventral  saddle ;  the  ventral 
3  is  broad,  about  equal  in  width  to,  but  less  acute  than  the 
tro-lateral  saddle  ;  the  lateral  lobe  is  narrower  and  there  is 
mall,  but  well  developed  dorso-lateral  saddle.  On  the 
jmal  edge  of  the  septum  there  is  an  acutely  angled  external 
5  and  an  elongate,  narrow  saddle  from  which  the  suture  is 
tinned  into  the  siphonal  funnel.     Of  the  immature  suture 

a  single  example  has  been  observed;  at  the  end  of  the 
md  revolution  the  ventral  lobe  is  comparatively  narrow, 
ventro-lateral  saddle  very  broad,  neither  the  lateral  lobe 
dorsolateral  saddle  is  developed,  the  lateral  saddle  being 
tinned  directly  into  the  external  lobe  of  the  internal  mar- 
,  It  is,  thus,  evident  that  the  accessory  lobe  and  saddle  of 
;urity  are  developed  at  a  later  stage  of  growth  from  the 
eul  lateral  saddle. 

Flyatt  compares  this  arrangement  of  the  siphonal  funnels  in  Giinil)ers  group 
le  Eudym^nice^  to  which  our  species  })elongs.  to  the  •'imperfect  siphons  which 
r  not  infrequently  among  the  Nautiloids.  the  connective  wall  being  destroyed 
laceration."     Proc.  Boston  Soc.  Nat.  Hist.,  vol.  xxii,  p.  313. 
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The  ornamentation  of  our  species  (which  may  be  termed 
Clymenia  {Cyrtoclymenia)  Neapolitana,  from  itg  occorrence 
in  the  ^Naples  beds)  reetncte  its  comparison  to  three  well 
known  species,  namely :  Clymenia  »pino»a  Miinster,  C.  bino- 
dosa  Miinster,  and  C  suharmata  Miinster.  The  last  may  be 
left  oat  of  conaidcratioQ  on  acconnt  of  important  differences 
in  the  mature  enture.  The  other  two  species  belong  to  the 
same  group,  Cyrioclymenite  Giimbel  (genua  Cyrtoclymenia 
Hyatt)  and  in  C  spinosa  the  figures  given  by  Miinster*  and 
the  description  and  illustration  by  Gumbelt  show  a  similir 
stracture  and  arraogement  of  the  spinous  processes  on  the 
ventro-lateral  slopes  of  the  whorls.  The  intervals  between 
these  on  the  earlier  whorls  are  covered  by  tine  concentric  lines 
bending  slightly  forward  over  the  ventrum  but  they  have  not 
the  falciform  curve  of  the  strite  in  C.  Seapolitana.  Oiimhel 
described  a  specimen  of  that  species  (fignres  So,  b,  on  his 
plate  xvi)  in  which,  over  a  portion  of  the  last  volution,  the 
spinous  nodes  are  reduced  to  bundles  of  strife,  strongly  defined 
over  the  inner  margin  of  the  whorl,  but  spreading  and  losing 
their  identity  over  the  ventrum.  In  C.  btnodosa  the  ornamen- 
tation is  less  like  that  of  the  American  form  bnt  the  flattened 
ventrum  is  better  defined  and  the  suture  more  like  that  of  C. 
Jfeapolitami   than  is  that  of  C.  trptnosa. 

The  geological  interest  attaching  to  this  fossil  is  very  great 
The  genus  Clymenia  has  been,  wherever  found,  a  most  impor- 
tant horizon-marker  of  the  uppermost  Devonian  It  appeared 
abruptly  and  quickly  attained  a  prolific  and  exceedingly  variant 
development.  Hyatt  observes  that  "the  whole  range  of  trans- 
formations of  the  Goniatitinse  are  paralleled  in  this  short  series 
(Olymenina;)  whose  principal  differential  characteristic  lies  in 
the  dorsal  position  of  the  siphon. "{ 

1/ 1.  jjjjg  gJiown  that  the  Clipiifnta  fauna  oecurring  on  the 
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long  ago  described  by  Phillips  and  McCoy  and  more  re- 
r  the  position  of  the  Clymenia  beds  in  South  Devon 
3r  Dunscombe)  has  been  located  by  Ussher,  Kayser, 
^myschew  and  Freeh.  In  his  "  Lehrbuch  der  geologischen 
ationskunde,"  recently  published  (1891,  p.  109),  Ifcayser 

that  the  genus  is  limited  to  the  uppermost  Devonian, 
eeence  therefore,  in  the  Naples  beds,  at  a  horizon  probably 
lore  than  200-250  feet  above  the  top  of  the  Genesee 
;,  in  association  with  a  distinctly  developed  Intumescens- 
,  is  an  unique  phenomenon. 

e  composition  of  this  fauna  in  its  first  appearance  in  the 
}la  limestone  of  the  Genesee  shales  and  its  reappearance 
B  Cashaqua-Gardeau  division  of  the  Portage  group  has 
recently  discussed  by  the  writer  in  brief.*  In  the  con- 
ig  portion  of  my  paper  in  the  American  Geologist  atten- 
vas  called  to  the  abundance  in  the  fauna  of  certain  species 
liferous  woods,  and  to  the  observations  made  upon  them 
eir  describers,  Dr.  Sir  William  Dawson  and  Professor 

Penhallow.  The  most  abundant  of  these  species  is  the 
Kcylon  {Cordaioxylon)  Clarkii  Dawson,  which  Sir  Wil- 
has  recently  stated  to  be  most  near  it  its  structure  to 
•carites  Ungeri  Goeppert,  from  the  Cypridinen-schiefer 
luringia.  Cladoxylon  mtrabile  Unger,  from  the  same 
was  identified  some  years  ago  by  Dawson  in  the  Styliola 
Of  accessory  importance  is  the  occurrence  of  Kalymma 
lis  linger,  (the  original  also  from  the  Cypridinen-schiefer 
lalfeld)  from  the  Black  (Genesee)  Shale  at  Moreland, 
iicky,t  in  association  with  a  primordial  goniatite  not 
B  G.  intumescens.  Thus  we  have  in  our  Inturaescens- 
a  very  important  representation  of  the  flora  of  the 
idinen-schieier  as  developed  in  Thuringia,  and  though 
laracteristic  fossil,  Entoinis  serrato-striata^  is  not  known 
jur  here,  yet  there  is  an  undescribed  Entomis^  abundant 
ices  in  the  Styliola  layer,  which  is  not  greatly  unlike  that 
58.  It  does  not  yet  appear  that  the  New  York  Intume- 
fauna  furnishes  any  forms  especially  characterizing  the 
lopod  facies  of  the  Cypridinen-schiefer  (the  Nehdener- 
:er  or  horizon  of  Goniatites  curvispina  =  middle  Upper 
nian  of  the  Continent).  Some  collateral  evidence  of  the 
enia  kalk  fauna,  but  not  of  the  most  satisfactory  kind,  is 
ihed  by  the  abundance  of  species  of  Tornoceras^  Cardiola 
ftriata,  an  undescribed  BactriteSj  which  may  be  compared 
£,  carinatus^  Miinster,  Loxonerna  Noe^no\>  unlike  Z. 
\tu7n  Miinster;  there  is  also  a  species  of  finely  striated 

ues  Jahrbuch  fur  Min.,  vol.  i,  p.  16!,  1891;  American  Geologist,  Aug., 

.  86. 
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Lunulicardium  not  disBiinilar  from  an  imidentitied  form  of 
this  genus  known  to  mc  from  the  Enkeberg.  These  are,  how- 
ever, raolluscan  types,  occurring  with,  but  not  especially  chir- 
acteriiitic  of  the  Vlymenia  fauna.  Closer  comparisons  mo^t 
await  the  fuller  elncidation  of  our  Intuniescens-fauna,  as  a  large 
number  of  its  known  species  are  yet  undescribed. 

It  may  be  provisionally  suggested  that  the  fauna  of  ibe 
Naples  beds  embraces  i-opreeentatives  of  the  whole  series  of 
the  European  I^pper  Devonian  faunas  from  the  base  of  the 
Goniatite  limestone  to  the  base  of  the  Culm;  that  it  is.  there' 
fore,  a  condensed  time^ equivalent  of  a  series  highly  differen- 
tiated in  the  transatlantic  [Jpper  Devonian  succession.  There 
the  indicial  brachiopods,  Spirifer  disjunetug,  Ortkis  gtria- 
tula,  Rhynckonella  acuminata,  range  through  the  entire  series; 
here  the  Intnmescens-fauna  at  least,  is  almost  entirely  withoni 
representatives  of  these  species,  their  allies  or  associates.*  On 
the  other  hand,  in  rare  instances,  the  members  of  the  cephaio- 
pod  or  deep-sea  facies  of  the  lower  Upper  Devonian  fauna  are 
found  in  the  succeeding  brachiopod  fauna;  for  example,  Gm- 
iatiiea  intvmesceng,  G.  aiitnoaug  {=G.  intumescejis),  G.  »imv- 
lator{=f  G.  intumescena)  and  G.  Vhemungengie. 

Techernysehew  has  fouudf  these  index  brachiopods  of  Ihe 
Upper  Devonian  in  the  C'lymenia  beds  of  the  Urals  (Horizonl 
von  Mursakaeva),  and  Hubert  at  an  earlier  date  reported  Cl^ 
tnenia  with  Spirifer  digjunctua  and  Orthia  atriatula  in  the 
Ardennes  near  Etrceungt.* 

EXPLAKATION  OF  FI0URE3. 
dymrnia  Xrapolilnna,  ap.  nov. 
Fig,     1 ,     A  neBrly  eomjilete  shell,  alightly  broken  at  the  Bperlore.      x  4. 
Fig,    'i,     Protlle  of  the  same,-  ahowing  the  brond  renlrum  and  recurved  stns. 
Fig     B.     TroiiBVerHB  ^eetioD  u6Br  the  begioiitng  of  ll^o  ath  wborl.      h  G. 

of  tho  Ihi.  2d.  3d  and  <th  whorlB. 
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Art.  IX. — A  neto  Meteoric  Iron  from   Garrett  Co.,  Jlary- 
land;  by  A.  E.  Foote.     With  Plate  I.* 

A  PHTSICIAN  residing  near  the  Maryland  line  of  Pennsyl- 
vania recently  brouirht  to  tne  an  iron  maas  to  learn  if  it  wu 
meteoric,  and  this  it  has  proved  to  be.  It  was  discovered  iii 
Garrett  Co.,  Md.,  about  twelve  miles  from  the  Poet  Office  of 
Lonaeoning,  not  far  from  the  boundary.  It  was  ploughed  nji 
about  three  or  four  years  ago  by  a  boy  in  a  field,  According 
to  an  analysis  by  Dr.  Koenig,  it  contains  over  11  per  cent  rf 
nickel  and  cobalt,  the  proportion  of  cobalt  being  unusually  higb. 

It  is  one  of  the  best  octahedral  etching  irons  known,  bein)! 
even  more  characteristic  than  the  most  of  those  that  liave  been 
used  for  printing  directly  on  paper.  Besides  the  striking 
reticulated  octahedral  structure,  it  shows  a  large  number  of 
secondary  lines  regularly  disposed  with  reference  to  the  prin- 
cipal markings.  These  I  believe  to  be  similar  to  those  de- 
scribed by  Prof.  J.  Lawrence  8mith,  in  a  Wisconsin  meteorite,! 
under  the  name  of  Lapharaite  markings.  The  original  weight 
was  45  oz.  but  it  has  been  reduced  by  analysis,  cutting,  polish- 
ing etc.  to  36^  oz.  The  locality  is  especially  interesting  since 
this  is  one  of  the  very  few  discovered  in  the  Middle  or  Eastern 
Statea 

The  following  is  Prof.  J.  Lawrence  Smith's  description  of 
the  Laphamite  markings  on  the  Wisconsin  iron,  and  it  appiiei 
to  the  Garrett  County  siderite,  except  that  the  bright  fignres 
are  the  ones  that  show  the  secondary  marking. 

'■  The  Widmanstattian  figures  are,  a,  bright  metallic,  with  con- 
%-ex  ends  and  sides  ;  Ac,  of  a  darker  color,  are  the  other  marking;, 
usually  smaller,  aud  with  the  sides  and  ends  concave.  The  maie- 
which   these  dark  figures  are  cumnosed   seems   to  have 


Kunz  and  Weinachenk — Kansas  Aerolite,  65 


SlRT.  X. — Farmington^    Washington  Co.y   Kansas  Aerolite y 
by  George  Frederick  Kunz  and  Ernest  Weinschenk, 

PH.D. 

On  Wednesday,  June  25,  1890,  at  12.55  central  time,  a 
*oaring,  rumbling  sound  was  heard  within  a  radius  of  one 
lundred  miles  around  Washington,  Washington  County, 
Blansas,  and  many  observers  noted  a  meteorite  traveling  from 
(odth  to  north,  which  in  its  course  left  a  double  trail  of  smoke. 
The  sun  at  the  time  was  shining  brightly,  and  hence  no  light 
wras  seen.  The  explosion  was  likened  by  various  observers  to 
I  bolt  of  lightning,  the  bursting  of  the  boiler  of  an  engine,  or 
the  report  of  a  distant  cannon.  The  largest  portion  of  the 
meteorite,  weighing  180  pounds,  fell  on  the  farm  of  Mr.  W. 
H.  January,  who  was  greatly  alarmed,  as  it  struck  very  near 
bim  while  he  was  under  his  wagon  repairing  it.  This  piece 
penetrated  the  hard  shaly  earth  to  a  depth  of  four  feet.  Forty 
pounds  of  it  were  broken  off  and  distributed  before  it  was 
placed  on  exhibition  after  which  it  was  sold  and  resold  several 
times,  and  now  belongs  to  Prof.  Henry  A.  Ward  of  Rochester. 
Its  dimensions  now  are  16J X 16^  X  8  inches ;  weight  136  pounds. 
A.  distinct  mass  weighing  nine  pounds,  now  in  the  possession 
of  George  F.  Eunz,  was  found  on  the  farm  of  John  Windhurst ; 
and  it  is  evidently  this  piece  which  made  the  second  trail  of 
smoke. 

The  sound  was  noticed  throughout  a  number  of  counties, 
both  in  Kansas  and  Nebraska,  as  a  thunderous  roar,  which  at 
Clifton,  twenty-five  miles  from  the  point  of  fall,  was  heard 
above  the  noise  of  a  passing  railroad  train.  The  meteorite 
was  seen  over  a  much  wider  area  even  than  its  sound  covered. 
Reports  of  observers  are  given  from  many  places,  ranging 
from  Beatrice,  Nebraska,  40  miles  northeast  of  the  point  of 
fall,  to  Cedar  Junction,  Kansas,  130  miles  southeast,  and  Hal- 
Btead,  Kansas,  an  equal  distance  south  by  west.  To  those 
north  of  the  point  of  fall,  it  appeared  as  a  brilliant  object 
moving  southward,  while  to  observers  south  of  that  point,  its 
motion  seemed  northward.  As  Prof.  F.  H.  Snow,  who  gives  a 
full  account  of  the  circumstances  attending  the  fall,  remarks,* 
these  facts  indicate  that  its  descent  must  have  been  not  far 
from  vertical,  as  is  also  shown  by  the  nearly  perpendicular  hole, 
ibout  four  feet  deep,  which  it  made  in  the  earth. 

The  actual  fall  was  witnessed  by  Mr.  January,  as  he  came 
)ut  from  under  his  wagon  alarmed  by  the  extraordinary  noise, 

•Science,  July  18,  1890. 
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and  aleo  by  Miss  Gaild,  a  teacher  in  the  Waebington  Cooutj 
Normal  Institute,  who  was  driving  on  the  neighboring  road,  i 
hundred  yards  distant.  Both  came  to  tlie  spot  in  a  very  few 
minutes;  and  Mr.  January  began  promptly  to  dig  for  die 
object,  and  with  the  aid  of  neic;hb«rs  reached  ita  upper  surfsce 
in  an  honr.  But  so  firmly  had  it  utubedded  itself  in  the  shalj 
clay,  that  it  was  three  hours  before  it  was  removed.  When 
reached  it  was  nut  hot.  It  had  cracked  into  two  portions,  the 
the  smaller  of  which  was  the  forty  pound  mass  broken  up  and 
carried  away  by  the  people  of  the  neighborhood. 

At  the  moment  of  its  fall,  the  earth  was  thrown  upward 
and  outward  for  a  distance  of  eight  to  ten  yards  or  more. 

The  following  analysis  waa  made  hy  Mr.  L.  G,  Kakin^ 
through  the  conrtesy  of  Prof.  F.  W,  Clarke,  chief  chemist  of 
the  IT.  S.  National  Museum,  Washington,  D.  C. 

Approximate  compcrution  of  thp  mass.  AnatyeiB  of  the  iron. 

Niekeliferoua  iron 77  Fe         86-7a 

Troilite 6-0  Ni  1218 

SUioeoDs  part  soluble  iu  IICL.     460  Co  -83 

"  "  insoluble"       "  4 1 '5 


100-2 


99-77 


AnalysiB  of  the  siliceous  part  from  which  all  magnetic  mate- 
rial had  been  extracted. 
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and  iron  are  as  three  to  one.  The  crust  on  this  meteoric  stone 
is  black  and  dull,  frequently  over  1  mm.  in  thickness.  Macro- 
scopically  the  Washington  meteorite  resembles  a  doleritic  lava, 
of  dark  gray  color  and  splintery  fracture,  with  white  radiated 
chondri  which  protrude  from  the  ground-mass.  The  speci- 
mens also  contain  druses  lined  with  crystals  of  sulphide  of  iron, 
the  faces  of  which  are  rounded  and  present  the  appearance  of 
having  flowed  through  fusion,  thereby  rendering  it  impossible 
to  measure  the  angles.  No  analysis  of  this  material  was  made, 
although  from  the  total  lack  of  oxidation  it  might  have  prom 
ised  good  results. 

Niekeliferous  iron,  which  in  the  fracture,  is  only  slightly 
visible,  becomes  conspicuous  on  a  polished  surface,  showing 
that  it  is  present  in  many  grains,  some  exceedingly  minute, 
others  up  to  4  mm.  in  diameter.  In  one  instance  a  vein  10  mm. 
long  and  1  mm.  wide  penetrated  the  mass,  and  on  the  surface 
of  a  polished  section  appeared  bright  serpent-like  veins.  The 
crust  of  the  meteorite  is  black,  hard  and  uneven,  and  the  sur- 
faces 0*8  mm.  large  are  dull  and  often  of  beadlike  form.  Under 
the  microscope,  the  porphyritic  character  of  this  meteorite  is 
i^adily  recognized ;  radiated  and  broken  chondri  and  crystals 
of  various  minerals  make  up  the  microfelsitic  groundmass. 

All   these  are  entirely  enveloped  in  an  opaque,  evidently 

glassy  magma,  the  dark  shade  of  which  gives  the  color  to  the 

^'hole.     This  dissolves  in  cold  HCl,  imparting  a  yellow  tint  to 

^he  acid.     Heating  to  redness  does  not  destroy  the  color,  which 

fact  surely  precludes  the  idea  of  its  being  due  to  the  presence 

of  any  organic  matter.     Prominent  are  crystals  and  fractured 

^lasses  of  olivine,  which  feature  is  of  rather  rare  occurrence. 

This  olivine  is  rich  in  orientated  opaque  inclusions,  and  has 

^Iso  a  distinct  cleavage,  which  is  seldom  observed  in  olivine. 

The   optical   character   was  perhaps    disturbed   through   the 

^apidity  of  its  crystallization. 

jDistorted  undulation  is  common.  Rhombic  pyroxene  is 
Readily  identified,  frequently  with  a  fibrous  cleavage  and  mono- 
symmetric  augite;  also  the  monticellite-like  silicate  described 
by  Tschermak.  The  Washington  county  meteorite  belongs 
to  the  black  chondrites  and  has  the  greatest  resemblance  to  the 
meteorite  of  Sevenkof.  It  is  undoubtedly  not  a  polygenius 
conglomerate  but  was  rapidly  formed  out  of  the  fluid  glassy 
magma. 

The  thanks  of  the  describers  are  due  to  Prof.  F.  W.  Clarke 
and  Mr.  L.  G.  Eakins  of  the  U.  S.  Geological  Survey  for  the 
analysis,  to  Prof.  Henry  A.  Ward  for  facts  concerning  his 
mass,  and  to  Mr.  Daniel  Scheckler  of  W<ashington,  Kansas,  for 
obtaining  one  mass  and  information  attending  the  fall. 
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SCIENTIFIC     INTELLIGENCE. 

I.     Chemistry  and  Phi-sics 

1.  On  Igonioi'p/iistri. — lu  an  elaborate  paper,  RBTGERa  hiG 
siven  tbe  reaiillB  of  his  later  inveatigationa  upon  isomorphinn. 
In  an  earlier  paper  ho  had  pointed  out  the  indehnite  capability  of 
admixture  of  two  crystalline  isomorphous  substances,  anil  sbovn 
that  tbe  best  experimental  proof  of  isomorphism  was  the  coa- 
tiniious  variation  in  the  physical  properties  of  these  mixed  crjs- 
lak.  The  physical  property  selected  for  the  present  research 
was  color.  I'he  snbetances  made  use  of  were  potassium  pet- 
L-hlorate  KCIO,  which  is  colorless,  and  potassium  permanganate 
KMnO,  which  is  dark  purple-red  ;  or  potassium  sntpbate  K  SO, 
and  potassium  manganate  K,MdO^,  the  latter  being  green,  fbc 
two  salts  to  be  examined  'was  dissolved  in  water  and  a  drop  of 
each  of  the  warm  solutions  were  placed  on  a  microscopic  slide; 
these  drops  being  allowed  to  touch  or  being  connected  with  eacL 
other  by  a  narrow  channel  of  liquid  so  that  slow  diffusion  mieht 
go  on  between  them.  If  the  salts  are  realty  isomorphous,  like 
those  above  mentioned,  crystals  are  obtained  having  all  deptbi 
of  color.  Moreover  a  crystal  may  have  its  ends  of  different 
depths  of  color,  with  all  intermediate  shades  between.  Bntif 
the  salts  experimented  on  are  not  isomorphoiw,  no  such  gradatitHi 
of  color  is  observed  in  the  crystals  Adopting  the  axiom  that  if  i 
substance  B  U  isomorphous  with  a  substance  A  and  also  with  i 
substance  C,  the  substances  A  and  C  are  isomorphous  with  eadi 
other,  the  author  finds  the  perch lorates  of  ammonium,  potassiam, 
rubidium  and  ciesium  to  be  isomorphous  with  potassium  permio- 
ganate  and  with  each  other,  LiClO. .  (H,0),  and  LiMnO, .  (H,0). 
form  mixed  crystals.  AgClO,  crystals  were  colored  by  an  un- 
stable rhombic  modification  of  AgMuO  ;  the  mixed*  crystals 
r  highly  pleochroic.  changing  from  bli 
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38  there  is  mostly  direct  isomorphism  ;  between  sulphates  and 
>mate8,  isodimorphism  is  common ;  while  between  sulphates 
molybdates  ortungstates  it  is  the  rule. — Zeitschr,  phyaikal, 
?tw.,  viii,  6,  July,  1891  ;  r/.  Chem,  Soc,  Ix,  1161,  October^ 
1.  •     G.   F.  B. 

.  On  Crystallized  Persulphates, — In  1878,  Berthelot  obtained 
mlpharic  oxide  8,0^  by  subjecting  a  well  cooled  mixture  of 
^harous  oxide  aiM  oxygen  to  the  silent  electric  discharge,  and 
»nlpburic  acid  by  electrolyzing  strong  sulphuric  acid.*  Mab- 
Lii,  in  the  course  of  an  investigation  on  the  oxidation  of 
ble  cobalt  salts  by  electrolysis,  observed  the  production  of 
irless  crystals  in  the  electrolytic  cell,  which  at  first  were  sup- 
sd  to  be  potassium  sulphate  ;  but  which  gave  only  a  slight 
npitate  with  barium  chloride,  until  the  solution  was  heated 
were  therefore  persulphate.  To  prepare  the  persulphate  in 
^r  quantity,  a  saturated  solution  of  hydrogen  potassium  sui- 
te was  electrolyzed,  the  kathode  being  contained  in  sulphuric 
L  placed  in  a  porous  cell.  On  passing  a  current  of  3  to  3^ 
>ere8  for  two  days,  a  white  crystalline  deposit  began  to  form, 
ch  was  separated  from  the  solution,  drained  and  dried  on 
3U8  plates  ;  the  process  being  repeated  with  the  mother-liquor 
11  sufficient  material  was  collected.  By  solution  in  hot  distilled 
er  and  cooling,  the  salt  is  deposited  in  minute  prisms,  the 
Dmposition  being  inconsiderable,  ^y  slow  cooling  large  tab- 
•  crystals  are  formed,  apparently  asymmetric.  On  analysis, 
formula  KSO^  was  obtained,  the  size  of  the  molecule  being 
srmined  from  the  conductivity  of  the  solution.  Potassium 
sulphate  is  sparingly  soluble  in  cold  water,  100  parts  of  water 
»°  dissolving  1*75  parts  of  KSO,.  Its  solution  gradually  de- 
iposes  at  ordinary  temperatures  with  evolution  of  oxygen, 
igh  slowly ;  a'  pure  solution  even  after  three  months  con- 
ing the  great*er  part  of  the  persulphate  undecomposed.  By 
ilarJy  electrolyzing  hydrogen  ammonium  sulphate,  ammonium 
snlphate  was  obtained,  in  the  form  of  long  thin  prisms,  appar- 
y  rhombic,  which  on  spontaneous  evaporation,  may  become 
^,  transparent  lozenge-shaped  monosymmetric  tables.  It  is 
f  soluble  in  water,  100  parts  at  0°  dissolving  58*2  parts  of  the 
.  In  consequence  of  this  solubility,  this  salt  was  used  in  the 
paration  of  the  other  persulphates.  By  treating  a  saturated 
ition  of  ammonium  persulphate  with  barium  hydrate,  barium 
mlphate  is  produced,  which  after  re-crystallizing  at  a  low 
perature,  is  obtained  in  beautiful  prisms  ;  or  when  the  mother- 
lor  is  concentrated  in  a  vacuum,  in*  large  interlocking  prisms 
ing  a  monosymmetric  appearance.  This  barium  salt  has  the 
nula  Ba(SOj,.  (H,0),.  It  is  Very  soluble  in  cold  water,  100 
ts  dissolving  39-1  parts  of  the  anhydrous  or  52*2  parts  of 
crystallized  salt.  Lead  persulphate  was  obtained  as  a  solid 
italline  mass,  very  deliquescent  and  having  the  probable  for- 

♦  This  Journal,  III,  xv.  209,  March,  1878. 
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mala  Pb(80,),.  (H,0),.  Zino  aod  copper  persulphatee  ipere  aL<<o 
produced  an  aetiqiiescent  (iryBlalliDe  needles.  Alt  attempU  to 
prepare  Bodium,  lithium  and  magneaium  peraulphatea  were  nnsnc- 
ceaafu!  owing  apparently  to  their  exceeding  solubility. — J.  Gktm. 
Soc.,  lilt,  771,  October,  1891.  o.  f.  b. 

3.  On  the  Preservation  of  Sodium. — According  to  Rosex- 
7BLD,  when  sodium  which  haa  been  kept  under  mineral  oil  and  it 
covered  with  a  crust,  is  immersed  in  a  mixtitr^  of  petroleum  three 
parts  and  amyl  alcohol  one  part,  or  rubbed  with  a  clotb  aosked 
with  this  mixture,  it  acquires  at  once  a  silvery  Ineter.  If  now  it 
be  put  into  petroleum  containing  5  per  cent  amyl  alcohol,  thn 
washed  with  pure  petroleum  and  kept  in  petroleum  containinc; 
one  half  to  one  per  cent  of  amyl  alcohol,  it  preserves  this  Inaler 
for  a  long  time  ;  becoming  covered  very  slowly  however  with  a 
film  of  sodium-amyl  oxide  which  is  easily  removed  with  filter 
paper.  Potat^sium  and  lithium  can  be  purified  similarly.  Sodiom 
thus  cleaned  combines  at  once  with  mercury,  evolving  light.  By 
pressing  clean  aodinm  and  potasaium  together  under  a  ntixtnre 
of  one  part  amyl  alcohol  and  nine  parts  petroleum,  the  liquid 
alloy  of  these  metals  is  easily  obtained.  By  mixing  one  gram  of 
the  clean  sodium  rubbed  to  a  fine  powder  with  three  grama  of 
salt,  with  07  grams  of  sulphur,  avoiding  pressure,  combiuation 
takes  place  with  the  evolution  of  light  and  aodinm  sulphide  i> 
formed.  Selenium  and  tellurium  behave  similarly, — Ber.  Berl. 
Chem.  Gea.,  xxiv,  165«  ;  J.  Chetn.  Soc,  Ix,  962,  Sept.  1891. 

G,    F.  B. 

4.  0»  Aew  Oxygen  Compounds  of  Mohjdertum  and  of  Tung- 
sten.— Pbciiaed  has  examined  the  yellow  coloration  produced 
by  the  action  oT  hydrogen  peroxide  upon  molybdates  and  tung- 
statea,  and  concludes  that  it  is  due  to  higher  oxygen  compoDiids 
of  these  metala.  When  potassium  trimolybdate  is  treated  u'lti) 
hydrogen  peroxide  it  dissolves  forming  an  orange-yellow  aolutiou 
which  depoaita  on  eoncentratiou  yellow  crystals  apparently  iri- 
clinic,  having  the  composition  K,]Vio,0^.{HjO),.     Heated  geaik 
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Bibliography  undertaken  by  the  International  Congress  of 
logists, — Mr.  G.  K.  Gilbert  comrauDicates  to  the  Journal  the 
»wing  letter  from  Mr.  Em.  de  Margerie,  Secretary  of  the 
rnational  Committee  on  the  Bibliography  of  Geology.  It 
forth  the  organization  and  plans  of  the  Committee.  Geol- 
ts  residing  in  North  America  who  have  prepared  or  are  pre- 
Dg  bibliographies  of  any  portion  of  the  literature  of  geology 
requested  to  communicate  with  Mr.  Gilbert.  (Address: 
C.  Gilbert,  XJ.  S.  Geological  Survey,  Washington,  D.  C). 
iternational  Congress  of  Geologists :  Committee  on  the  Bibli- 
iphy  oi  Geology.  Paris,  Rue  de  Grenelle  132,  Nov.  20,  1891. 
:b:  At  the  meeting  of  Tuesday,  September  1,  1891,  the  Inter- 
Dnal  Congress  of  Geologists,  assembled  at  Washington,  on 
ion  of  Messrs.  H.  S.  Williams  and  de  Margerie,  appointed  a 
aanent  international  committee  charged  with  the  duty  of 
ralizing  the  information  relating  to  geologic  bibliography. 
»  committee,  which  is  authorized  to  add  to  itself  new  memoers 
nlimited  number,  comprises  at  present  Messrs.  Freeh  (Ger- 
y),  Gilbert  (North  America),  Golliez  (Switzerland),  Gregory 
^land),  de  Margerie  (France),  Reusch  (Scandinavian  Stein- 
n  (South  America),  Tschernyschcw  (Russia),  Tietze  (Austria- 
igary),  and  Van  den  Broeck  (Belgium). 

be  end  to  be  attained  is  threefold:  (1)  to  prepare  a  list  of  the 
ogic  bibliographies  already  in  existence;  (2)  to  prepare  an 
utory  of  those  parts  of  geologic  literature  which  have  not  as 
been  the  subject  of  such  methodic  abstracting,  in  order  to 
»are  the  way  for  undertaking  comprehensively  the  retrospec- 

bibliography   of  the   science ;    and    (3)   to  proceed  to  the 
odic  registration  of  its  current  bibliography. 
he   first   meeting   of  the   committee   took   place  during  the 
irsion  to  the  Rocky  Mountains.     The  following  are  the  min- 

• 

The  International  Committee  on  the  Bibliography  of  Geology 
September  20th,  at  8  o'clock  in  the  evening,  in  one  of  the 
of  the  special  excursion  train,  between  Manitou  and  Denver 
lorado).  Wesent,  Messrs.  Freeh,  Gilbert,  Golliez,  de  Margerie, 
8ch,  Steinmann,  Tschernyschew,  Tietze  and  Van  den  Broeck. 
r.  H.  S.  Williams  also  was  present  at  the  meeting. 
Mr.  Gilbert  was  by  acclamation  elected  President  of  the 
loiittee  and  Mr.  de  Margerie,  Secretary.  Mr.  de  Margerie 
take  charge  of  the  correspondence  for  Europe,  and  undertakes 
ansmit  to  Mr.  Gilbert  all  the  documents  intended  for  printing. 
[n  regard  to  retrospective  bibliography,  Mr.  Golliez  an- 
iced  to  the  committee  that  the  Geological  Survey  of  Switzer- 
is  preparing  a  geologic  bibliography  of  Switzerland,  which 
ill  probably  take  several  years  to  complete.  Mr.  Tscheruy- 
w  announced  the  existence  of  a  catalogue  of  the  same  nature 
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on  the  nortb  of  Russia,  as  yet  unpublished,  of  which  he  is  tlie 
author.  Finally,  Mr.  Van  den  Broeck  exiled  attention  to  the 
general  bibliography  of  Belginm,  which  is  to  comprise  a  list  of 
all  docamente  mating  to  the  geology  of  that  country  published 
in  the  course  of  the  19lh  century. 

"After  a  short  discussion,  the  commiltee  decided  to  confine  i» 
efforts  for  the  time  being  to  the  preparation  of  a  list  of  the  p&rtiil 
geologic  bibliographies  already  in  existence.  Each  member  nf 
the  committee  is  to  perform  that  part  of  the  work  which  relalM 
to  the  country  he  represents,  tor  Spain,  Italy  and  Portiig»l, 
which  countries  sent  no  representatives  to  Washington,  the  com- 
mittee will  address  itself  tothe  directors  of  the  geological  survey* 
of  these  three  stales.  Mr.  Tietze  agrees  to  take  charge  of  the 
bibliography  of  the  Balkans,  and  Mr.  de  Margerie  will  trv  to  Sll 
out  any  gaps  that  may  exist  in  the  collection  of  documents  gath- 
ered by  the  various  members  of  the  committee  as  regards  A«i», 
Africa  and  Oceanica.  The  manuscripts  must  he  sent  to  the  Sec- 
retary before  Easter,  1892,  in  order  to  be  printed  with  the  pro- 
ceedings of  the  Washington  meeting. 

"The  projected  liBt  will  comprise  the  detailed  titles  of  workf 
entering  into  the  following  categories: 

"^l)  Regional  or  localbibliographiea.  (Examples:  Geological 
Bibliography  of  Italy;  Geological  Bibliography  of  the  conntiei 
of  England,  by  Whitaker;  Catalogue  of  the  publications  of  the 
American  surveys,  by  Prime). 

"  (2)  Syatematic  biblioffrapftiex,  that  is  to  say,  relating  to  s 
defined  group  of  facts,  (e.  g.  Bibliography  of  the  various  clashes 
of  rocks,  inserted  in  Kosenbnsoh's  Petrography;  Bibliography  of 
the  Upper  Jurassic,  by  Neuraayr  ;  glaciers,  volcanoes,  etc.) 

"  ^3)  Personal   bibliographies.     (Catalogues    of  the   geologic 

fiublications  of  one  author,  like  those  that  often  accompany  necro- 
ogic  notices ;  Royal  .Society's  catalogue  of  scientific  papers,  etc.) 
"  (4)    Catalogues  of  geulogic  maps,  (e.  g,  Mapoteca  geologici 
Americana,  by  Marco ii). 
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Deralogic  or  paleontologic  nature ;  on  the  other  hand,  informa- 
n  relating  to  petrography,  physical  geography,  applied  geol- 
y,  mineral  waters,  and  prehistoric  archeology  will  be  included, 
r  the  rest,  full  latitude  is  left  in  this  respect  to  the  collabora- 
•8,  the  editor  being  empowered  to  extend  or  abridge  manu- 
•ipts  with  a  view  of  securing  proper  uniformity  in  publication. 
'^Important  manuscript  bibliographies,  the  existence  of  which 
ly  be  known  to  the  members  of  the  committee,  are  to  be  indi- 
^d  in  the  proper  places,  stating  name  and  address  of  author. 
**  The  publication  will  be  in  French,  but  manuscripts  may  be 
spared  in  the  language  of  the  country  whence  they  come,  to  be 
.Delated  afterward  under  the  direction  of  the  editor. 
*  Titles  must  always  be  given  in  the  language  of  the  original 
blication ;  they  will  not  be  followed  by  a  French  translation 
cept  in  case  they  belong  to  a  language  other  than  English, 
trman,  Italian  or  Spanish.  The  indication  of  the  author's  name, 
kce  of  publication  (with  the  publisher's  name  in  the  case  of  a 
)arate  work),  date,  size  and  number  of  pages,  shall  be  as  exact 
d  detailed  as  possible :  furthermore  it  is  desired  to  have  stated 
3  approximate  number  of  entries  contained  in  each  bibliography, 
ding  summary  information  regarding  its  nature,  such  as: 
yphabetic  catalogue  by  authors'  names;  Catalogue  classified 

order  of  dates ;  Simple  list  of  titles ;  £ach  article  is  followed 

a  resum^;  The  number  of  plates  is  not  given,  etc."  The 
liting  dates  of  the  publications  catalogued  in  the  bibliographies 
J  also  to  be  noted,  (e.  g.  1802  to  1888.) 

'*  In  case  a  bibliography  bears  no  printed  title,  which  often 
ppens  with  such  as  are  appended  to  special  works  or  memoirs, 
will  be  proper  to  define  its  subject  by  means  of  a  phrase  in 
GU^kets:  [  .  .  .  .  ],  giving  after  this  the  complete  title  of  the 
curaent  in  which  the  bibliography  is  comprised. 
"  Publications  which,  without  pretending  to  take  the  form  of  a 
ithodic  bibliography,  contain  the  detailed  history  of  the  study 

a  question  of  general  interest  or  of  a  country,  are  to  be  men- 
»ned. 

"  In  order  to  facilitate  the  final  classification  of  subjects  for  the 
rpose  of  printing,  the  collaborators  are  requested  to  prepare 
eir  work  on  separate  slips." 

The  Secretary,  Emm.  de  Margerie, 
)  Mr.  G.  K.  Gilbert,  Member  of  the  Committee   for   North 
America. 

2.  JExperimental  researches  ( I )  On  the  deformations  of  a  Sphere 
contraction  and  pressure^  and  (2)  On  the  part  played  by  Vapors 

different  geologifial  phenomena ;  by  Prof  A.  Daubr^e. — 
'ofessor  Daubr^e  has  been  continuing  his  very  valuable  re- 
arches  in  experimental  geology  by  new  experiments  on  the 
ects  produced  by  pressure  and  by  vapors  in  different  geological 
lenomena.  The  effects  of  contraction,  described  in  the  Comptes 
sndus,  for  May,  1890,  are  obtained  by  covering  a  distended  ball 

oaontchouc,  arranged  to  have  the  form  of  a  flattened  sphe- 
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roid,  with  a  coatiug  of  parafEn  or  beeswax,  and  then  allowing 
it  to  bIowIt  contract.  Folds,  fractures,  and  elevations  are  ob- 
tained having  interesiing  relations  to  those  which  have  been 
observed  in  the  earth's  structure  and  features.  In  other  experi- 
ments, on  subjecting  a  ball  of  caoutchouc  to  pressure,  the  effecU 
of  pressure  normal  to  the  siirfuce  were  ubiained. 

The  new  exptriTnenta  on  the  effect  of  vapors,  are  described  in 
papers  in  the  Coraptes  Rendus  for  1890  and  1891  (ihe  last  in 
August,  1891),  and  also  in  pari  in  a  communication  to  the  Geo- 
logical Society  of  France  of  February,  1891.  Two  of  the  subjecte 
illustrated  are  (1)  the  pressure  of  exploding  materials,  as  gun- 
cotton,  and  (a)  the  production  of  more  or  less  oylindrical  perfon- 
tions,  tunnel-like,  along  fissures  by  vapors  suddenly  developed,! 
form  of  fracture  called  by  Daubr4e  a  diatreme.  The  origin  of 
the  conduits  of  volcanoes  and  explosive  eruptions,  and  of  tbe 
diamantifcrous  pipes  of  South  Africa  is  thus  explained  by  tb« 
author;  and  also  the  extrusion  of  the  trachyte bf  trachytic  domet, 
the  lofty  throws  of  volanic  cinders  and  rocks  and  other  related 
volcanic  products,  and  the  lonns  of  the  ejected  broken  blocks  and 
lapilli.  To  these  projecied  rocks  or  fragments,  the  name  ecphy- 
tern*  is  proposed,  from  the  Greek  for  something  blotcn  out.  The 
explosive  agent  recognized  in  the  natural  operations  is,  in  general, 
the  vapor  of  water  suddenly  generated.  Other  effects  obtained 
are  the  erosion  and  fusion  of  granite,  and  other  substances;  the 
production  of  molecular  transfer  or  flow,  resembling  that  of  plas- 
ticity, and  a  resoldering  or  remoulding  of  a  crushed  rock.  The 
great  heights  of  the  more  remarkable  volcanic  mountains  an 
reviewed  and  their  groupinccs.  On  the  occurrence  of  similar 
heights  in  the  munntains  of  a  group  and  their  origin  throu^'li 
diatremei,  Prof.  Daubrfie  says  :  "  it  is  as  if  each  corresponded 
um  of  pressure  proceeding  from  the  same  infra-granitic 
r  from  similar  reservoirs  of  whose  pressure  it  gives  a 
',  like  the  tubS  of  a  manometer  in  the  open  air. 
The  paper  publiahed  in  the  Bulletin  of  the  Geological  Society 
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ictare;  the  second,  Id  the  Uinta  Range;  the  third  in  those 
laccolite  origin,  as  the  Henry  3its.;  the  fourth,  in  the 
isatch,  it  having  been  ^^  elevated  along  fault-planes  which  form 
western  boundary,"  and  in  the  Sierra  Nevadas,  its  ^^  fault  lines 
inding  it  on  the  east ;  the  fifth,  in  volcanic  cones  and  ridges ; 
e  sixth,  in  elevated  plateaus  sculptured  into  mountain  shapes, 
(rations  of  the  first  kind  are  attributed  to  force  acting  laterally, 
\  to  the  earth's  contraction,  and  those  of  the  following  four  to 
:e  acting  vertically  upward.  Mr.  Upham  ren^arks  that  greater 
ssure  of  some  portions  of  the  crust  than  of  others  upon  the  plas- 
interior  would  induce  each  phase  of  upward  force  in  mountain- 
iding.  Where  the  relations  of  intense  heat,  immense  pressure, 
I  chemical  influences,  with  presence  of  water  or  its  farther 
ress,  have  allowed  portions  of  the  interior,  often  of  great 
ent,  to  become  liquid  lava,  its  extravasation  by  the  same  pres- 
e  has  formed  laccolite  mountains  and  erupted  mountain  masses, 
lie  many  volcanic  cones  have  been  mainly  built  up  of  frag- 
iits  of  solidified  lava,  much  of  it  so  fine  as  to  be  called  ashes 
►losively  ejected. 

.  On  the  Geology  of  Quebec  City^  Canada  \  by  Hknry  M. 
I,  M.A.,  F.G.S.,  of  the  Geological  Survey  of  Canada. — From 
Canadian  Record  of  Science,  April,  1891. — Much  diversity  of 
aion  has  existed  as  to  the  exact  geological  position  of  some  of 
terranes  at  and  about  Quebec  City,  as  also  along  the  whole 
!  of  the  great  Appalachian  or  St.  Lawrence-iJhamplain.  With 
ard  to  the  rocks  forming  the  Citadel  Hill  or  promontory  ot 
ibec  (Cape  Diamond),  an  elaborate  review  of  the  opinions 
t  have  been  presented  is  given  in  Dr.  Ells's  last  report  to  Dr. 
ivyn  (1888),  published  by  the  Geological  Survey  of  Canada, 
icb  includes  the  history  from  Dr.  Bigsby's  paper  published  in 
7,  down  to  Prof  Lap  worth's  Report,  etc.,  published  in  the 
.nsactions  of  the  Royal  Society  of  Canada  for  1887. 
^he  Rocks  of  Quebec  have  been  referred  to  the  age  of  the 
»bec  Group  (Levis  Division) ;  but  the  majority  at  present 
ard  thom  as  newer  than  the  Trenton  limestone,  viz :  of 
renton-Utica,"  "  Utica-Hudson,"  or  "Lorraine"  age.  The 
na  of  the  Norman's  Kiln  shales,  thai  of  the  Marsouin,  of  the 
•tigo  River,  GriflSn  Cove  and  Gagnon's  Beach  Rocks,  as  well 
.hat  from  Crane  Island,  N.  W.,  or  False  Point  of  the  Island  of 
eans,  Quebec  City,  Etchemin  River,  between  St.  Henry  and 
Anselme,  Druramondville,  and  other  localities  in  Maine,  Ver- 
3t  and  New  York  States  constitutes  one  large  assemblage  of 
ns  peculiar  to  one  terrane. 

^he  fauna  of  the  Lorraine  shales,  on  the  other  hand,  as  it  is 
racterized  at  Montmorency  Falls,  C6te  Sauvageau,  in  the  St. 
irles  Valley  near  Quebec,  at  Charlesbourg  (near  the  Church), 
►  miles  above  St.  Nicholas,  Yamaska  River,  Riviere  des  Hu- 
I,  and  in  the  undisturbed  regions  in  Ontario  at  Ottawa,  To- 
:o,  Weston,  Oakville,  Collingwood,  etc.,  intermediate  between 
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the  Utica  terrane  and  tbe  base  of  the  Silurian,  marks  another 
terrane. 

T)iese  two  faunas  are  very  distinct  both  in  their  paleontologi- 
cal  and  s trot i graphical  relations.  The  Lorraiue  terrane,  accord- 
ing to  Dr.  Selwyn'e  classification  of  formations  ("Index  to  ihf 
Colours  and  Signs  used  by  the  Geologicai  Survey  of  Canada,") 
has  a  definite  position,  viz  :  at  the  summit  of  the  Cambro-Siluiian 
or  Ordovician  system.  The  strata  of  Quebec,  either  on  physical 
or  paleontological  grounds,  cannot  be  referred  to  the  Lorr«n», 
Dor  to  the  Utica,  the  Trenton  or  the  Black  River  formation. 

Sir  William  Losian  referred  the  Quebec  City  rocks  to  the  LeTis 
division  of  the  Quebec  group.  From  examinations  recently 
made,  the  fauna  which  Mr.  Weston,  Mr.  Girouz,  I'Abbe  Laflamme 
and  the  writer  have  been  able  to  obtain  from  the  rocks  of  tbni 
locality,  presents  some  fifty  species,  including  graptolitea,  brach- 
iopods,  oatracods  and  trilobites,  difierent  from  Levis  forms  and 
yet  capable  of  being  correlated  with  forms  from  a  portion  of  the 
Quebec  group  of  Logman,  as  described  in  his  NewfodDdtaml 
section,  as  also  with  Cambro-Silurian  strata  in  the  Beccagnimic 
valley  of  New  Brunswick. 

The  strata  at  Quebec  City  appear  to  me  to  occupy  a  position  Id 
the  Ordoviiijan  system  higher  than  the  Levis  formation,  being 
akin  to  it,  but  lower  than  the  Trenlon,  and  are  probably  an  up 
ward  extension  of  that  peculiar  series  of  sedimentary  strata  in  tbe 
St.  Lawrence  valley,  which,  owing  to  the  conditions  of  deposition 
Sir  William  Logan  advisedly  classed  under  the  term  "  Quebec 
Group."  This  would  make  the  rocks  about  equivalent  to  the 
Chazy  formation  of  New  York.  As  to  the  propriety  of  retaioiDg 
the  term  "Hudson  River"  group,  in  geological  nomenclaturi', 
there  may  be  doubt.  It  would  very  naturally  follow,  however, 
that  some  such  designation  as  the  "  Quebec  terrane  "  or  "  Quebec 
formation  "  would  be  moHt  acceptable  for  the  Quebec  City  rocks 
or  those  which  constitute  the  citadel  and  main  portion  of  Quebii' 
City  and  other  synchronous  strata.     The  term  "Hudson  Ri 
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Hall,  C.  bicomiSj  var.  tricomis  Tjapworth,  Corynoides  caly- 
eularis  Nicholson. 

In  a  paper  which  the  writer  is  now  preparing  for  the  Royal 
Society  of  Canada,  the  varioas  forms  characterizing  the  Sillery, 
Levis  and  Quebec  divisions  of  the  Quebec  Group  in  Canada  as 
DOW  understood,  and  constituting  the  natural  series  of  sedimen- 
tary strata  to  which*  Sir  William  Logan  had  given  that  very 
appropriate  term  will  be  tabulated  and  the  paleontological 
grounds  for  their  separation  made  evident. 

5.  G&ological  and  Natural  History  Survey  of  Canada, 
Annual  Report  (new  series)  vol.  iv,  1888-89. — This  large  volume, 
recently  issued,  contains  after  the  summary  reports  of  the  opera- 
tions of  the  Geological  Survey  for  the  year  1889,  by  the  Director, 
(65  pp.),  the  following  papers  : 

On  a  portion  of  the  West  Kootanie  District,  British  Columbia, 
by  G.  M.  Dawson,  (65  pp.)  On  an  exploration  in  the  Yukon  and 
Mackensie  Basins,  oy  R.  G.  McConnell,  (144  pp.)  Exploration 
of  the  glacial  Lake  Agassiz  in  Manitoba,  by  Warren  Upham, 


(121  pp.)     On  the  mineral  resources  of  the  Province  of  Quebec, 

:.  w.  Ells,  (158  pp ; 

New  Brunswick,  by  R.  Chambers,  (88  pp.)     Chemical  contribu 


by  R.  W.  Ells,  (158  pp.)     On  the  surface   geology  of  Southern 


tions  to  the  geology  of  Canada,  by  G.  Christian  Hoffmann,  (7  pp.) 
Mining  and  Mineral  Statistics  of  Canada,  by  H.  P.  Brumell,  (81 
pp.)  Report  of  the  Division  of  Mineral  Statistics  and  Mines,  by 
K  D.  Ingall  and  H.  P.  Brumell,  (123  pp.)  Annotated  list  of  the 
minerals  occurring  in  Canada,  by  G.  C.  Hoffmann,  (67  pp.) 

6.  Notes  on  Brazilian  Mineralogy. — Dr.  E.  Hussak  in  the 
^  Boletim  da  Commissao  geographica  e  geologica  do  Estado  de 
S.  Paulo"  No.  7,  (40  pp.,  S.  raulo,  1890,)  gives  some  valuable 
observations  on  some  minerals  and  rocks  from  Southern  Brazil. 

Seulanditey  mesolite^  desmine  (stilbite)  and  scolezite  are  min- 
utely described.  They  occur  in  amygdaloidal  cavities  in  the 
great  trap  sheets  of  presumably  Triassic  age  that  abound  in 
Southern  Brazil,  in  association  with  calcite,  chalcedony,  chlo- 
ritic  minerals,  native  copper,  etc.  The  heulandite  and  mesolite 
were  from  the  Serra  de  Botucatii ;  the  stilbite  from  the  Serra  de 
Brotas,  and  the  scolezite  from  Santa  Catharina.  The  form  and 
optical  characters  of  these  zeolites  are  given  and  also  the  follow- 
ing analyses : 


SiOa 

AlaO, 

CaO 

Na,0 

KaO 

H,0 

Heulandite, 

6810 

16-67 

590 

0  61 

3-26 

16'16=  100-70 

MesoUte, 

4761 

26-80  . 

7-08 

7-80 



12-11  =  101-40 

StQbite, 

60-82 

16-67 

425 

1-73 

•  «  «  • 

1812  =  101-59 

Scolezite, 

45-96 

2603 

13-53 

-  -  -  • 

.... 

13-67=    9919 

A  careful  study  was  made  of  the  virgin  auriferous  gravel  from 
the  valley  of  the  Kibeira.  From  an  abandoned  placer  mine  on  the 
Pedro  CubaSy  a  small  branch  of  the  Ribeira,  the  following  species 
were  identified:  Andalusite,  chiastolite,  staurolite,  tourmali^ie 
and  corundufn  all  abundant;  magnetite,  titajiiferous  magnetite^ 
Umenitej  rutile  (with  sagenite)  anatcuey  tiianiiey  zircon,  gold,  native 
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iron  an^  an  uttd^trmined  mineral,  rare,     llw  moct  aboDdaiit  nd 

cfearactcriMic  of  tbt-M  »i<t«i^.  attdalocile,  chiastoliie.  tonniuliM 
and  coniiiiliini,  ar«  ly^iical  "f  M;hi(t»  (pIiT]lit«»)  alterH  br  conUri 
witb  trnijitiTt  FTfcks.  an<)  »iiic«  ibe  rirer  f*edru  Cabas  flows  mairir 
over  scbists  vitb  Irrijaent  iDJ«<-lioDE  of  f;ranil«,  tbe  assocUUoo 
sng»e«t»  that  th*  zoM  may  be  a  cc-ntact  tniaeral.  In  ibe  w»si- 
inii^  from  tbe  ^aodi  o'  tbe  main  stream  (RibeJrat  these  contiH 
miiieralff  (except  t'larmalinel  are  entirely  lacking  and  Ibe  moft 
abundant  ininera!-  are  in<licative  of  crystalline  tvbists,  vitb 
probably,  granite  an-l  syenite. 

In  regard  to  the  ••coorrence  of  the  native  inm,  it  is  noted  thii 
grains  of  the  tJie  of  t-everal  millimeten^  are  found.  Tbey  are  ir- 
regular liailcred  flakes  witb  metallic  latter,  and  strongly  msg- 
neiic,  that  exposed  lo  damp  air  t>oon  become  msty.  In  order  to 
determine  il  these  grains  came  from  the  iron  instroments  of  the 
oM  mtnen>,  gravel  that  wa^  unquestionably  virgin  iras  extraeted 
wilh  wooden  inElmment*-  The  washing  gave  as  great  an  sbno- 
daoce  of  iron  At-  tbo^  from  tbe  gravel  heaps  previously  washed 
by  tbe  old  miuern. 

Among  tbe  other  noteF.  which  include  an  account  of  psendomor 
pbons  crystals  of  leucile  in  phonolyte,  tbe  occurrence  of  comndoin 
in  Sao  Paulo,  etc.,  may  be  noted  a  description  of  phylliU*  irttA 
oltrtlile  and  luaynftitv  from  SHo  I'lmlo.  In  the  aone  of  pbyllitei 
traversed  by  the  river  Tiete,  layers  rich  in  ottrelite  are  met  witb 
intercalated  with  others  entirely  free  from  tbia  tniDcral.  The 
ottrelite  is  in  discs  or  distinct  hexagons  of  about  O'SS*""  diameter. 
Basal  sectiiinii  show  distioct  cleavage  in  two  directions,  making  sd 
angle  of  I  -JO"  approi.  Pleochroisro  tolerably  strong  between  pinm- 
blue  and  olive-green.  Angle  of  optical  axes  very  small  and  tfa« 
inclinalion  of 'f''-  ^■•'•'•'■-< -'•'•'■''  "\  the  vertical  axis  also  email.  In 
tbe  rectangiiiai  -  'tions  pyramidal  faces  are  occa- 

sionally seen    si  :v-ials  to  be  deformed   faexagon&. 

Polysyntbetic  tttin^  [.arallil  to  (WOl)  and  an  hour-glass  slructare 
I  by  tlie  arrangement  of  inclusions  are  almost  constant. 
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ling  an  angle  of  72^  with  the  base  are  f  reqaevtly  seen  between 
»ed  nicols ;  the  extinction  is  at  times  parallel  to  the  edges  of 
base,  but  generally  with  a  slight  inclination  (maximum  15^). 
>chroism  strong ;  c  =  greenish  yellow,  h  =  plum-blue,  a  = 
^green. 

be  layers  of  schist  with  ottrelite  often  alternate  with  layers  of 
thickness  of  the  finger  of  schist  with  magnetite  and  of  normal 
»t  free  from  mineral  inclusions. 

jEstifnation  of  the  Optical  Angle :  A  correction  by  Alfbbd 
lANE.     (Communicated). — In  my  article  on  the  estimation  of 

optical  angle  in  this  Journal,*  I  notice  an  error,  which  I 
w  enough  to  have  avoided,  as  the  whole  subject  was  long  ago 
oughly  treated  in  the  "  Mineralogie  Micrographique "  of 
qu6  and  L^vy.  The  maximum  extinction-angle  in  the  pris- 
ic  zone  of  common  hornblendes  is  not  the  clinopinacoidal 
ion.  This  the  above  writers  explained  theoretically  and  I  have 
.'rimentally  verified  the  fact.  The  extinction-angle  increases 
itly  and  then  decreases,  and  even  on  the  cleavage  faces  the 
nction-angle  is  but  little  less  than  in  the  clinopinacoidal  sec- 

Systematic  Mineraloyy  based  upon  a  Natural  Classification, 
\  a  general  introduction,  by  Thomas  Sterry  Hunt.  391  pp. 
New  York,  1891.  (The  Scientific  Publishing  Company.) — 
)  volume  is  a  development  of  Dr.  Hunt's  views  on  mineral 
dfication,  as  in  part  before  brought  out,  more  particularly  in 
volume  entitled   "  Mineral    Physiology  and  Physiography." 

work  covers,  however,  a  rather  wide  range.  It  begins  with  a 
>rical  summary  of  the  different  systems  since  the  time  of  Wer- 

then  follows  an  explanation  of  the  principles  of  chemistry 

chemical  notation  as  related  to  the  subject  in  hand,  and 
ber  the  special  subject  upon  which  the  author  has  laid  most 
38  :  the  relation  of  specific  gravity,  hardness  and  solubility  to 
eral  condensation ,  finally  a  chapter  on  crystallization.  This 
ipies  about  one-half  the  work,  after  which  follow  the  "  new 
eralogical  classification  "  and  synopsis  of  mineral  species ;  in 
latter  the  successive  species  recognized  by  the  author,  ar- 
jed  by  genera  in  tabular  form  with  summary  of  chief  charac- 
,  are  provided  with  dual  Latin  names  after  the  methods  of 
ural  Histc»ry  and  further  each  "genus"  is  briefly  character- 
For  an  understanding  of  the  methods  employed  and 
liled  results  reached,  the  student  must  be  referred  to  the 
inal  volume.  How  far  the  new  system  and  nomenclature  are 
nanent  contributions  to  science,  the  future  will  show. 

77ie  Phosphates  of  America,  When  and  how  they  occur; 
'  they  are  mined,  and  what  they  cost.  With  practical  trea- 
5  on  the  manufacture  of  sulphuric  acid,  acid  phosphate,  phos- 
ric  acid  and  concentrated  superphosphateB,  etc  ;  by  Francis 
ATT.  Second  Edition.  187  pp.  8 vo.  New  York,  1891.  (The 
ntific  Publishing  Company.) — The  phosphate  industry  in  this 

♦This  Journal,  vol.  xxzix,  1890,  p.  66,  line  1. 
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COiiDtry  has  been  of  remarkably  recent  development,  when  iu 
present  im  porta  nee  is  considered.  It  was  in  1867,  that  the  luin- 
iDg  of  the  phoephatic  deposits  in  South  Carolina  commenced, 
whitg  the  mining  of  apatite  in  Canada  dates  onW  from  ^S^■2. 
It  is  uoi  strange  then,  that  an  interesting,  well  illustrated  and 
thoroughly  piactical  book  upon  this  subject  has  been  appreciated 
at  once,  as  shown  by  the  fact  that  the  first  edilion  was  exhanstd 
betbrr  it  had  been  on  sale  more  than  a  few  days.  The  scope  of  tbc 
work  is  given  in  the  comprehensive  title.  The  most  original  pari 
ol  the  book  and  perhaps  thai  in  which  most  interest  will  be  felt  i* 
the  chapter  upon  ihc  newly  discovered  phosphate  deposits  in  Flor- 
ida, at  whic4)  mining  was  not  fairly  begun  until  1889.  A  good 
map  ol  the  state  shows  the  points  where  operations  are  now  being 
carried  on,  and  some  sixteen  excellent  full  page  illnst rations  give 
a  good  idea  ol  the  methods  of  ocunrrenue,  ol  exploitation,  ete. 

9.  TSe  Kiowa  Co.  (Kansat)  MeUorUes ;  by  Robekt  Hit. 
(Coramunioated) — This  spring  some  more  meteorites  were  foand, 
which  extend  the  area  of  the  find  as  described  by  Kunz,  Snow 
and  Winchell  nearly  a  mile  farther  east  and  iocrease  the  number 
of  meteorites  teveral  thoutand.  One  mass  eighty  pounds  in 
weight  has  been  obtained,  but  the  rest  of  the  find  represents  i 
new  feature  in  the  remarkable  fall.  There  has  been  one  distinfl 
meteorite  of  nineteen  ounces  in  weight  bcMdes  the  large  one,  bai 
the  rest  were  found  in  groups  of  small  meteorites  from  about  i 
pound  in  weight  to  the  size  of  a  pea.  Each  group  was  scattere'l 
over  an  area  of  15  to  30  square  yards.  The  larger  individuals  of 
the  groaps  show  themselves  true  Pallasitcs  and  even  some  verj 
small  ones,  but  many  of  these  latter  are  largely  oxidized,  the 
metallic  iron  having  all  disappeared.  All  stages  of  oxidation  are 
shown  in  each  group.  The  large  mass  aud  three  groups— the 
smallest  weighing  three  pounds  aud  uurabering  400  individuals- 
are  in  possession  of  the  writer,  Junction  City,  Kansas. 

10.  Geologiaal  Survey  of  Kentucky,  John  H,  JProeUr,  Di- 
rector,— This  survey  has  recently  published  a  report  ■>f  20  page*. 
by  G.  M.  Sullivan,  on    the  Geology  of  parts    of  Jackson  snd 


APPENDIX. 


iKT.  XL — The  Skull  of   ToroHanruH ;    by   O.   C.    Marsh. 

(With  'Plates  II  and  III.) 

In  this  Jonriial  for  September  last,  the  writer  described  a 
lew  and  remarkable  genus  of  Ueratopaidce^  represented  by  two 
ivell-marked  species.*  In  the  type  specimen  on  which  the 
genus  was  based,  the  greater  portion  of  the  skull  is  preserved, 
and  this  presents  so  many  points  of  interest,  that  a  figure  of  it, 
one-twentieth  natural  size,  is  here  given  in  Plate  II.  The 
second  species  is  represented  also  by  the  skull,  which,  although 
not  complete,  supplements  the  type  in  several  important  re- 
spects, and  figures  of  its  posterior  portions  are  likewise  given 
in  the  accompanying  plates.  Both  specimens  are  of  gigantic 
size,  one  skull  measuring  five  and  one-half  feet  across  the  parie- 
W  crest,  and  the  other  is  nearly  as  large.  They  diiler  widely, 
moreover,  from  the  huge  horned  Dinosaurs  hitherto  found  m 
the  same  general  horizon,  and  present  characters  in  the  skull 
of  much  interest. 

In  Torosaurus  fatus^  the  species  first  described,  the  skull 
Appears  wedge-shai)ed  when  seen  from  above,  as  shown  in 
Plate  II.  The  facial  portion  is  very  short  and  pointed,  and 
'omewhat  suilline  in  form.  The  nasal  horn-core  is  conij)resBed, 
rith  a  sharp  apex  directed  forward.  The  frontal  horn-cores 
re  large,  and  strongly  inclined  to  the  front,  extending  appar- 
ntly  in  advance  of  the  nasal  protuberance.  The  long,  slender 
jnamosals  diverge  rapidly  as  they  extend  backward,  their 
ater  margins  being  nearly  on  a  line  with  the  facial  borders  in 
le  maxillary  region. 

♦  This  Journal  (III),  vol.  xlii,  p.  26G,  Septeinlier,  1891.    S(»e  also  vol.  xli,  p.  107, 
jbruarv,  1891. 

Am.  Jouk.  Sol— Third  Sbries,  Vol.  XLIII,  No.  263.— January,  1892. 
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Tbe  parietal  forms  more  than  half  of  the  upper  snrface  of 
the  skull,  and  is  the  most  characterietic  element  in  tU  stmctnra 
In  tlie  posterior  part  are  two  very  large  apertures,  oval  in  ost- 
line,  with  their  outer  marj^in  at  one  point  formed  by  tk 
squamosal.  The  rest  uf  the  border  is  thin  and  somewhit 
irregular,  showing  that  the  openings  are  true  fontanelles.  Thii 
iH  still  better  seen  in  the  second  species  represented  in  the  am 
Plate,  fig.  2,,/".  In  the  latter  specimen,  however,  these  vacui- 
ties arc  entirely  in  tlie  parietal,  a  thin  strip  of  bone  separating! 
them  on  cither  side  from  the  squamosal.  A  second  pair  of 
openings,  much  smaller,  apparently  the  true  supra-temponl 
fossffi,  are  shown  in  the  type  specimen.  These  are  situated 
mainly  between  the  parietal  and  squamosal,  directly  behind  tlie 
bases  of  the  large  horn-cores.  (Plate  II,  fig.  1,  c.)  The  same 
apertures  arc  represented  in  the  genus  Triaeratopt  by  obliqne 
o|>ening8,  as  in  the  skull  shown  on  Plate  III,  fig.  4,  where  (he 
front  border  of  each  is  formed  by  the  post-frontal. 

Between  these  openings,  in  the  type  of  Torosaurus,  is  a  thin) 
pair  of  apertures  (Plate  II,  fig,  1,  c').  These  are  qaite  small, 
nearly  circular  in  outline,  and  entirely  in  tbe  parietal,  althoofrh 
probably  connected  originally  with  the  supra-temporal  foBsa 
Another  pair  of  still  smaller  foramina  may  be  seen  in  the  saiiM 
skull,  close  to  the  median  line,  and  separated  from  each  other 
by  the  anterior  projection  of  the  parietal.  A  deep  groo»e 
leads  forward  to  each  of  these  foramina,  along  the  sntore  be- 
tween the  parietal  and  post-frontal.  The  position  and  direction 
of  these  perforations  suggest  that  they  may  correspond  to  the 
foramen  seen  in  Triceraiops,  and  shown  on  Plate  III,  fig.  i,z. 

The  extreme  lightness  and  great  expanse  of  the  posterior 
crest  in  Torosaurua  make  it  probable  that  it  was  encased  in 
the  integuments  of  the  head,  and  that  no  part  of  it  was  free. 
The  outer  borders  of  both  the  parietal  and  the  squamosals  show 
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)  inside,  is  esp^iall j  noticeable.  In  fi^re  1,  of  this  plate, 
3  long,  slender,  right  sqaainosal  of  Torosau/^vs,  with  its 
ooth  outer  l>order,  is  well  represented.  In  ligure  2  is  seen 
I  same  bone  of  Sterrholophus^  with  a  serrate  outer  margin, 
d  smooth  inner  surface,  also  shown  in  figure  6.  Next,  in 
ure  3,  is  the  small,  short  squamosal  of  CeratopSj  nearly 
lected  by  its  deep  quadrate  groove.  The  free  sculptured 
rder  of  both  the  parietal  and  squamosals  of  Triceratops  is 
arly  shown  in  both  figures  4  and  6,  especially  in  the  latter, 
lere  the  contrast  with  the  corresponding  parts  in  figure  5  is 
teworthy. 

Three  other  generic  names  have  been  applied  by  Cope  to 
aiains  of  Ceratopa idee  ioiind  in  this  country,  namely:  Aga- 
lumas^  Pohjonax^  and  Monoclonius.*  The  first  of  these 
18  based  on  part  of  a  skeleton  without  the  skull,  found  in 
joming.  The  second  name  was  given  to  various  fragments 
)m  Colorado,  including  parts  of  horn-cores,  regarded  as  ischia, 
t  these  may  all  be  tlie  same  generically  as  the  preceding 
Bcimen.  The  third  .name,  Monoclonius,  was  used  for  a 
eleton  from  Montana,  with  parts  of  the  skull  and  teeth 
eserved.  This  animal  was  one  of  the  smallest  of  the 
onp,  while  the  other  remains  pertained  to  reptiles  of  larger 
e,  but  not  of  the  gigantic  proportions  of  those  more  recently 
scribed.  So  far  as  can  be  judged  from  the  descriptions  and 
Tires  of  the  type  specimens,  the  three  generic  names  just 
ed  cannot  be  used  for  any  of  those  previously  mentioned 
this  article.  A  comparison  of  the  principal  characters  will 
we.  this  beyond  reasonable  doubt. 

In  the  type  of  Agathuumas,  the  remains  best  preserved  are 
the  pelvic  region,  which  according  to  Cope  possesses  the 
llowing  features.  The  ilium  has  no  facet  nor  suture  for 
e  pubis  at  the  front  of  the  acetabulum,  and  the  base  of  the 
■hiuin  is  coosified  with  the  ilium.  There  are  eight,  or  per- 
ps  nine,  sacral  vertebrae,  with  the  neural  spines  of  the  first 
emere  tuberosities.  The  diapophyses  are  in  pairs,  and  the 
t  sacral  vertebra  is  reduced  and  elongate.  These  characters, 
d  some  others  found  in  the  description  cited,  are  certainly 
itinctive,  but  do  not  apply  to  any  of  the  allied  fossils 
scribed  by  the  writer.  Portions  of  the  type  specimen,  more- 
er,  are  in  the  Yale  Museum,  as  well  as  other  remains  from 
ir  the  same  locality.  The  fossils  described  as  Polymiax^ 
\  other  similar  specimens  collected  in  the  same  region, 
3rd  at  present  no  evidence  for  separation  from  Agathamnaa. 

CretaccjouB  Vertebrata,  p.  5:^,  Plates  TV,  V  and  VT;  p.  6.3,  Plates  II  and  III, 
5.  Also  ProceedinjjTS  Phila(ielphia  Acuflemv,  p.  255,  187G.  and  American 
aralist,  p.  154,  1886,  and  p.  715,  Plates  XXXIII,  and  XXXIV,  for  1889, 
edin  1890. 
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The  small  dinosanr,  aboQt  as  larc^  as  a  Rhinoceros,  for  which 
the  nan*e  Mimoclonin«  was  propoeed,  is  perhaps  geoencallT 
diHtinct  from  A'jathanmrig,  bnt  no  conclngive  evidence  of  this 
has  yet  been  presented.  The  description  given  makes  theteetb, 
dorsal  vertebrae,  and  pelvis,  different  from  those  of  any  of  the 
larger  forms,  and  the  T-aliaped  parietal  (figured  first  by  Cop 
as  an  episternal  l>one),  is  especially  distinctive.  None  of  toe 
other  known  CeraU>p»id<B  have  the  parietal  fontanelles  escept 
Torosaurua,  one  of  the  most  gigantic  forms  discovered,  and 
this  genus  differs  from  Monocioniwg,  as  described,  in  vanoni 
important  points.  The  very  long  frontal  horn-cores,  directed 
forward,  the  narrow,  elongate  squamosals,  the  absence  of  i 
median  crest  on  the  parietal,  as  well  as  the  form  and  anterior 
connections  of  this  bone,  all  serve  to  clearly  distinguish  tlie 
former  from  the  latter. 

These  points,  and  others  relating  to  the  nomenclature  of  the 
(Jeritttypsidif.,  will  be  fully  discussed  in  a  later  communication, 
when  the  large  acquisitions  recently  secured  bv  the  writer's 
able  assistant, 'Mr.  J.  B.  Hatcher,  are  ready  for  (fescription. 


EXPLANATIOS  OF  I'LATKS, 

Plate  II. 
KlfirRK  1. — Skull  of  rui'OMurtu  laiva,  Mareli;  aeen  from  above, 
FntlTRE  2. — Posterior  crost  oE  T.  gladiut.  Marsh ;  seeu  Iroui  above. 

r,  Hiipra-lenijHirnl  fosia;  c',  anterior  leniporul  foramen ;  /',  pHrietal  foaUDBlle: 
It,  horn-K>re;  li',  oasal  horn-coro;  p,  paricUl;  «,  sqiiamosal. 

I<i)lh  flpiiirea  are  one- twentieth  natural  siza. 

PJ.ATE    111. 

FrdukK  1. — Right  Hqiiamosal  of  Toroaaaru' gl'idiu-i ;  inner  view. 
KlriL-RB  2.— Tho  same  of  SUrrhohphus  ftalKltalua.  Mnrpli. 
KK  3. — Tliu  name  of  Ceralopa  montonm.  Marsh, 
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UT.  XII. — Of},  the    Use  of  a  Free  Pendulum   as  a   Time 
Standard  ;^  bj  T.  C.  Mendenhall. 

The  use  of  the  new  half  second  pendulums  in  the  ^ravita- 
on  work  of  the  U.  S.  Coast  and  Geodetic  Survey  has  sug- 
ested  the  possibility  of  employing  a  pendulum  with  the 
nproTed  methods  for  ascertaining  its  period  in  terms  of  a 
lock  or  chronometer  second,  as  a  standard  of  time  which  in 
instancy  and  ease  of  application  might  go  beyond  anything 
ow  readily  attainable. 

The  natural  though  not  necessarily  invariable  unit  of  time 
\  the  sidereal  day  and  while  it  is  sufficiently  constant  to  satisfy 
11  requirements  it  is  inconveniently  long  for  nearly  all  opera- 
ions,  other  than  astronomical,  in  which  great  precision  in 
ime  measurement  is  required.  Its  subdivision  is,  therefore, 
•endered  necessary  and  this  is  accompanied  by  rather  more 
incertainty  than  usually  belongs  to  the  subdivision  of  a  stan- 
iard.  Even  the  daily  rate  of  our  best  clocks  and  chronom- 
-ters  is  by  no  means  constant  and  it  is  safe  to  say  that  in  most 
^8  little  if  anything  is  known  regarding  their  hourly  varia- 
tion from  the  mean  for  the  day.  That  such  variations,  due  to 
^actuations  in  temperature,  pressure,  and  other  less  known 
^uses,  exist  is  well  known  to  all.  In  the  physical,  physiolog- 
^1  or  other  laboratory,  in  which  it  is  desired  to  determine 
'itervals  of  time  with  a  high  degree  of  accuracy  it  is  common 
^  depend  upon  the  daily  rate  of  chronometer  or  clock,  which 
*te  is  itself  determined  bv  means  of  clock  siiJ:nal8  from   an 

*  Read  at  the  meeting  of  the  National  Acaden)v  in  Xew  York.  November  Uth, 
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established  aetronoiiiical  observatory,  or  directly  by  the  ueenf 
a  transit  instrument  In  the  fonner,  rates  are  carried  during 
bad  weather  and  often  for  many  days,  by  one  or  more  clocki 
and  with  greater  or  less  accuracy  but  the  eignalij  as  received 
are  subject  to  nncerlainty  and  error  arising  out  of  telegraph 
transmission.  In  the  latter,  a  few  nights  in  succession  4 
cloudy  weather  prevent  the  observer  from  getting  a  rate  for 
his  time-piece  just  when  he  moat  needs  it  In  both  eases  the 
daily  rate  is  usually  all  that  is  known,  although  this  tnay  difo 
widely  from  that  existing  when  the  particular  experiment  wu 
made  for  which  the  time  is  to  be  standardized.  It  is  belieTol 
that  a  free  pendnlum,  vibrating  under  constant  conditiou 
fnmishes  a  much  more  reliable  standard  for  short  intervali 
than  any  clock  or  chronometer  and  that  tbis  standard  may  b« 
easily  utilized  by  methods  about  to  be  described.    ' 

The  pendulum"  is  for  convenience,  a  half  second's  pendnlom 
and  is,  therefore,  about  a  quarter  of  a  meter  long,  its  mau  it 
only  a  trifle  greater  than  a  kilogram  and  the  most  of  thit 
is  eoncentratea  in  the  hob.  The  knife  edge,  rigidly  attach«i] 
to  the  pendulum,  is  of  agate  and  it  swings  upon  agate  planet 
These  ahould  be  rigidly  supported  and  may  well  be  secured  tu 
a  part  of  the  casting  which  furnishes  at  once  the  support  for 
the  pendulum  and  the  chamber  in  which  it  swinga  It  should  be 
fnmished  with  a  starting  and  stopping  apparatus  and  an  an:  for 
measuring  the  amplitude  of  its  vibrations.  If  it  is  tu  be  nttd 
only  for  comparing  chronometers  and  clocks  no  arrangeuienu 
for  securing  constant  pressure  and  uniform  temperature  are 
necessary.  If  it  is  to  be  a  time  standard  both  should  be  pro- 
vided. The  first  is  easy  and  the  second  can  generally  be 
reached  quite  closely.  Some  melhod  of  knowing  the  temper- 
ature of  the  pendulum  should  be  provided.  When  ticed 
under  conditions  of  nearly  constant  temperature  a  "  dummy 
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plane  passing  through  the  knife  edge.  A  similar  mirror  is 
placed  parallel  to  this  and  as  near  to  it  as  is  possible  without 
interfering  with  the  motion  of  the  pendulum,  but  it  is  rigidly 
attached  to  the  support  upon  which  the  pendulum  swings. 
What  is  called  the  *' flash  apparatus"  is  placed  a  meter  or  two 
meters  in  front  of  these  mirrors  and  in  a  line  normal  to  them. 
In  this  an  electric  spark  may  be  used  or  the  light  of  a  lamp  or 
candle.  What  is  desired  is  that  a  flash  of  light  should  be 
I  produced  every  second,  as  determined  by  a  break  circuit 
chronometer  or  clock.  For  use  with  a  lamp  Mr.  E.  G.  Fischer 
has  contrived  an  ingenious  shutter  operated  by  an  electro- 
magnet, by  means  of  which  an  illuminated  slit  is  exposed  for 
an  instant  in  the  movement  following  the  break  only.  An 
induction  coil  whose  primary  circuit  is  broken  by  an  electro- 
magnet in  the  chronometer  circuit  provides  the  electric  flash. 
Just  over  the  point  where  this  flash  is  produced  is  placed  a 
telescope. 

When  properly  adjusted  the  flash  is  reflected  from  both 
mirrors,  and  assuming  the  pendulum  to  be  at  rest,  two  lines  of 
light  are  seen  as  one  in  the  telescope  or  better,  one  is  made  to 
overlap  the  other  a  little.  Now  suppose  the  pendulum  to  be 
in  motion,  it  will  be  clear  that,  as  the  flash  occurs  only  for 
an  instant  each  second,  whether  it  will  be  seen  reflected  from 
the  moving  mirror  will  depend  on  the  position  of  that  mirror 
at  the  instant  of  its  appearance.  If  it  should  happen  to  be  in 
the  plane  of  its  original  adjustment  when  the  flash  occurs  the 
appearance  in  the  telescope  will  be  precisely  the  same  as  when 
the  pendulum  is  at  rest.  If  the  period  of  the  pendulum  be 
precisely  one-half  of  that  of  the  clock  or  chronometer  it  will 
letnm  to  this  position  in  just  one  second  and  the  appearance 
will  be  continually  repeated.  If,  however,  the  pendulum  be 
slightly  slow  or  fast  of  the  chronometer,  the  mirror  will  not 
be  precisely  in  this  position  at  the  end  of  one  second  and  the 
image  from  its  mirror  will  be  a  little  above  or  below  that  of 
the  tirst  mirror.  In  another  second  the  distance  separating 
them  will  be  still  greater  and  this  will  go  on  until  the  moving 
image  is  no  longer  seen  in  the  field  of  the  telescope.  After  a 
time,  however  (this  period  is  conveniently  about  five  minutes), 
the  pendulum  will  have  gained  or  lost  one  oscillation  on  the 
beat  of  the  chronometer  and  a  few  seconds  before  the  neces- 
sary period  for  this  has  elapsed  the  image  re-appears  in  the 
field  and  approaches  coincidence,  to  again  recede  on  the  other 

side. 

It  is  only  necessary  to  observe  the  instant  of  this  coinci- 
dence of  the  two  images.  Under  the  conditions  mentioned 
above  it  is  not  necessary  to  observe  this  closer  than  the  nearest 
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second  and  only  an  inexcusably  careless  observer  woald  ever 
be  a  second  in  error.  After  having  ascertained  the  "coiDci 
denoe  interval  "  and  observed  the  tirst  coincidence,  the  happen- 
ing of  any  one  in  the  futnre  can  be  quite  closely  predietei 
It  is  desirable  to  allow  the  pendulum  to  swing  througli  a  period 
equal  to  ten  coincidence  intervals  and  although  only  the  firei 
and  last  observations  may  be  used  it  is  well  to  observe  two  or 
three  at  the  beginning  and  end  of  the  period  as  a  check.  As 
idea  of  the  accuracy  of  the  method  may  be  formed  by  afisnm- 
ing  that  an  error  of  one  second  is  made  in  observing  the  eoin- 
cioenoe  either  at  the  beginning  or  end  of  the  swing.  It  will 
be  Been  that  the  error  of  the  result  will  be  less  than  one  part 
in  two  and  a  half  millions.  As  a  sample  of  the  uniformity  of 
resnlts  which  is  sometimes  attained  under  favorable  conditioot 
the  periods  of  a  pendulum  known  aa  A,  as  obtained  from  i 
Negus  break-circuit  sidereal  chronometer  in  three  separate  sets 
of  vibrations  extending  through  about  an  hour  each,  made  on 
the  afternoon  of  October  23,  are  here  given : 

isi .- 'sooezvfl 

2d -5006281 

3d -SOOB'^aO 

If  such  a  pendulum  be  nroperly  cared  for  there  appears  to 
be  no  reason  why  nnder  tlie  same  conditions,  ite  oscillation 
period  may  not  remain    sensibly  constant   for  an    indefinite 

Period.  As  an  example  of  constancy  during  a  short  period,  ■ 
ttle  over  half  a  year,  but  under  unfavorable  conditions  the 
following  results  showing  the  oscillation  period  of  three  pendu- 
lums as  measured  in  March  last  and  in  October.  In  both  cases 
time  is  referred  to  the  standard  sidereal  clock  of  tlie  U.  S. 
Naval  Observatory.     Between  the  first  determination  and  tbe 
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neter  it  is  found  to  furnish  a  most  delicate  test  of  the 
lality  of  the  seconds  determined  by  the  toothed  wheel 
ich  breaks  the  circuit. 

!Lny  inequality  in  the  spacing  of  the  teeth  or  irregularity  in 
movement  of  the  wheel,  of  the  existence  of  which  the 
inary  chronograph  record  would  show  no  evidence,  is  clearly 
I  unmistakably  shown,  and  if  on  account  of  bad  workman- 
p  such  inequalities  are  considerable  the  result  as  viewed  in 
telescope  is  ludicrous  although  a  chronograph  sheet  from 
h  a  chronometer  might  present  a  ^ery  good  appearance.  It 
1  be  readily  understood  that  when  tne  breaks  are  separated 
uniform  periods,  the  moving  flash  will  advance  regularly 
I  steadily,  movements  corresponding  to  one  thousandth  of 
3cond  in  time  being  easily  perceived.  When  the  breaks  are 
)gular,  however,  the  flash  moves  irregularly,  at  times  stand- 
still for  a  second  or  two,  and  often  actually  receding.  The 
>aratus  may  be  used  therefore  as  a  test  of  the  regularity  of 
aks  with  chronometers  or  clocks. 

t  is  often  desirable  to  compare  one  chronometer  with 
ther  or  with  a  clock  and  to  obtain  a  relative  rate.  As  this 
J  is  variable  it  is  necessary  to  determine  it  by  reference  to  as 
rt  an  interval  of  time  as  possible.  The  ordinary  chrono- 
ph  record  does  not  give  satisfactory  results  unless  the  com- 
ison  extends  over  a  number  of  hours  or  a  whole  day.  By 
ans  of  the  apparatus  described  in  less  than  an  hour  a  daily 
3  pan  be  determined,  correct  within  about  three-hundredths 
a  second,  and  a  higher  degree  of  accuracy  can  be  secured  if 
3  found  desirable. 

x\  this  operation  it  is  only  necessary  to  observe  coincidences 
h  both  chronometers  and  then  again  in  forty  minutes  or 
9r  a  longer  period  if  a  better  result  is  wanted.  No  care 
Ki  be  taken  to  secure  standard  conditions  of  temperature, 
!88ure,  etc.,  as  whatever  changes  may  take  place  affect  the 
ncidence  interval  of  both  time-pieces  alike. 
indeed  it  has  been  found  possible  to  get  a  fair  rate  from  an 
«rvation  of  a  single  pair  of  coincidences,  the  time  con- 
ned being  less  than  five  minutes.  It  is  evident  that  a 
thod  is  here  offered  for  studying  the  hourly  variations  of 
•onometers  and  clocks,  due  to  temperature,  pressure,  or 
ler  changes  and  in  making  such  investigations  the  time- 
ce  under  examination  finds  its  severest  critic  not  in  another 
its  own  kind,  but  in  a  free  pendulum  maintained  under 
[form  standard  conditions. 

4l8  an  example  of  the  comparison  of  two  chronometers  by 
s  method  the  following  is  cited  : 


90    Mendenhall — Free  Pendulum  as  a  Time  Standard. 

Chraaomeieri.     Negus.  1 689.  1618, 


18      17      15 


22      03      48 


No.  1589-No.  1518  =  28  Bpcondi 


From  which  tlio  rate  is  fonnd  to  be  one  second  per  day. 

If  the  claims  here  made  for  the  free  pendalnm  are  jnatitie 
it  is  likcty  to  tind  its  most  useful  application  as  an  independei 
time  standard.  For  this  purpose  not  less  than  three  of  thes 
pendulums  should  be  used.  The;  should  have  slightly  diffe 
ent  oscillation  periods  and  these  must  be  deterrained  vil 
great  care,  under  standard  conditions  and  referred  to  the  mo 
accnrate  mean  time  second  available.  Indeed  for  the  fir 
standard  set  it  might  be  worth  while  to  carry  on  comparisoi 
during  day  and  night  for  many  days,  that  all  errors  incidei 
to  the  determination  of  time  may  be  eliminated  as  far  as  pa 
flible.  Assuming  the  physical  constancy  of  these  pendulati 
and  the  possibility  of  reproducing  with  sufficient  acenracvtl 
conditions  under  wliich  they  were  swung,  no  further  referent 
to  astronomical  observations  is  necessary,  if,  only  the  force  ' 
gravity  does  not  change.  Such  a  set,  or  one  derived  from 
may  be  issued  to  any  point,  with  a  certiticate  guaranteeing  tl 
periods  of  oscillation  as  a  simple  function  of  the  force  i 
gravity.  If  the  latter  is  known  the  oscillation  period  is 
once  deduced.  Whenever  it  is  desired  to  rate  a  clock  < 
chronometer  it  will  only  be  necessary  to  observe  a  series  i 
coincidences,  using  the  ])endnlum  and  chronometer  as  d 
scribed  above.  The  use  of  three  pendulums,  whose  differeno 
must  remain  sensibly  constant  wherever  they  are,  will  serve  i 
a  check  against  chajiges  of  any  kind  and  once  in  a  few  years 
redotfcii-mi[i:itinii  by  in^jgns  of  astniTiornical  time  mity  he  had  ; 
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RT.  XIII. —  On  the  Bear  River  Formatioriy  a  Series  of 
Strata  hitherto  known  as  the  Bear  River  Laramte ;  by 
Charles  A.  White. 

[Published  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey.] 

In  the  year  1859  a  series  of  strata,  constituting  an  important 
iction,  was  discovered  by  Mr.  Henry  Engelmann  at  a  locality 
1  sonthwestem  Wyoming,  upon  the  bank,  and  near  the 
louth  of  Sulphur  Creek,  a  tributary  of  Bear  River  one  of  the 
leinbers  of  which  section  contain  abundant  remains  of  a  pecu- 
iar  non-marine  niolluscan  fauna.  During  the  fifteen  years 
oUowing  that  of  their  discovery,  these  non-marine  strata  were 
lenerally  spoken  of  as  the  Bear  River  estuary  beds,  but  later 
xplorations  have  revealed  their  presence  at  other  localities  in 
Wyoming,  Idaho  and  Utah  which  shows  that  they  are  of  more 
ban  estuarine  extent.  During  that  time  also  no  one  expressed 
ny  doubt  of  the  Tertiary  age  of  these  strata  because  their  fossil 
anna,  although  consisting  of  new  species,  included  only  types 
rhich  were  then  regarded  ns  characteristic  of  the  Tertiary, 
nd  this  view  was  supposed  to  be  supported  by  their  strati- 
jraphical  relation  to  the  other  members  of  the  same  section 
md  their  equivalents  in  that  neighborhood. 

About  the  year  1876  the  various  deposits,  which  are  now 
)roperly  referred  to  the  Laramie,  began  to  be  generally  recog- 
lized  as  constituting  one  great  formation,  and  these  non-marine 
itrata  of  the  Bear  River  valley  district  came  to  be  generally 
tnown  as  the  Bear  River  Laramie  because  they  were  thought 
to  have  been  contemporaneous  with  the  true  Laramie  and  to 
bold  the  same  taxonomic  position  with  relation  to  other  forma- 
tions, although  it  was  well  known  that  their  moUuscan  fauna  is 
^ery  different  from  that  of  the  Laramie.  They  were  then 
also  subject  to  the  doubt  which  certain  geologists  began  to  ex- 

fress  as  to  whether  the  Laramie  is  properly  assignable  to  the 
ertiary  or  Cretaceous ;  but  this  doubt  was  confined  to  the 
Question  of  their  geological  age  and  did  not  extend  to  that  of 
wieir  relatioh  to  those  marine  strata  of  undisputed  Cretaceous 
^  which  constitute  other  members  of  the  same  section.  This 
statement  finds  support  in  the  fact  that  up  to  the  year  1891* 
^one  of  the  publications  of  the  various  geologists  who  have 
^aniined  these  non-marine  Bear  River  strata  contain  any 
'early  expressed  doubt  that  they  are  all  of  later  origin  than 
fiy  of  the  marine  Cretaceous  strata  which  occur  in  that  part 
f  the  continent.     That  is,  it  was  understood  by  them  that  the 

•  See  Bull.  U.  S.  GeoL  Surv.,  No.  82,  p.  163. 
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Bear  River  strata  rest  apon,  or  lioki  the  eame  relation  to,  tiie 
equivalent  of  the  Fox  Hills  group  of  Meek  A:  Hayden'e  Upper 
Slissouri  section  that  the  trne  Laramie  is  known  to  do. 

The  object  of  this  article,  and  of  tiie  immediately  following 
one  by  Mr,  T.  W.  Stanton,  ie  to  show  that  the  strata  tt/tkl 
have  hitherto  been  knouti  as  Sear  liiver  Zaramie  are  not  onlt/ 
not  referable  to  the  Laramie  formation  bvt  that  they  occvpya 
lower  position,  being  oTerlain  by  marine  Cretaceons  etrata  the 
eqaivalents  of  which  are  known  to  nndorlie  the  true  Laramie. 
For  this  reason  I  shall  in  this,  and  in  fature  writings,  designate 
theea  strata  as  the  Bear  River  formation,  omitting  the  term 
Laramie  in  that  coDnection  as  being  wholly  inapplicable. 

The  following  remarks  are  ottered  as  a  brief  liistoriea! 
account  of  the  growth  and  prevalence  of  opinion  concemiEg 
tbie  interesting  group  of  strata,  which  ie  paleontologieally  so 
different  from  any  other  known  North  American  formation. 

The  first  published  account  of  these  strata  was  given  lij 
Messrs.  F.  B,  Meek  and  Henry  Engelmann  jointly  in  1S60:'* 
and  later  in  the  same  year  Mr.  Meek  published  descriptions  of 
some  of  the  foesila  which  characterize  thcrn.t  In  these  publi- 
cations both  authors  unhesitatingly  assign  the  strata  in  qnei- 
tion  to  the  Eocene  Tertiary. 

No  other  publication  concerning  them  seems  to  have  ap- 
peared until  1869,  when  Dr.  F,  V.  Hayden  inserted  a  para- 
graph concerning  them  in  one  of  his  official  reports}  upon 
another  region,  in  which  he  expressed  the  opinion  that  tnev 
are  of  Tertiary  age  and  proposed  to  group  them  together  willi 
the  coai-bearing  strata  of  tlie  Siilphur  Creek  section,  thoM 
near  Evanston  and  those  at  Coalville,  Utah,  as  eonstitntiug  one 
formation  to  which  he  gave  the  name  of  Bear  River  gronp,§ 

In  1870  r>r.  Hayden  published  a  short  article  containing » 
miunle  description,  accompanied  by  figures,  of  the  non  marine 
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I  hiB  official  report  for  1870  Dr.  Hayden  republished  the 
tance  of  his  article  in  the  Proceedings  of  the  American 
osophical  Society  just  referred  to,  in  which  he  again 
;nea  the  Bear  River  formation  to  the  Tertiary,  stating  its 
tion  to  be  at  the  top  of  the  Sulphur  Creek  section.  This 
me  of  reports  also  contains  a  chapter  by  Mr.  Meek*  con- 
ing the  fossils  which  were  collected  by  Dr.  Havden  during 
previous  year,  in  which  he  assigned  to  the  Tertiary  all  those 
ies  which  were  obtained  from  the  Bear  River  formation. 
I  Dr.  Hayden's  official  report  for  1871,  Mr.  Meek  again 
ogned  the  fossils  from  the  Bear  River  formation  under  the 

of  Tertiary  ;f  and  in  the  same  year  Mr.  T.  A.  Conrad 
Ted  this  formation  to  the  Lower  Eocene  upon  paleonto- 
tai  grounds  t 

I  1872  Mr.  Meek,  in  company  with  Dr.  H.  M.  Bannister, 
ed  Bear  River  valley  and  specially  studied  the  section 
jh  is  exposed  along  Sulphur  Creek,  near  its  mouth,  and 
',h  includes  besides  a  great  thickness  of  marine  strata  those 
ion-marine  origin  which  have  just  been  mentioned  as 
ng  been  first  discovered  by  Mr.  Engelmann.  The  results 
lii8  study  were  published  by  Mr.  Meek  in  1878,§  in  con- 
ion  with  which  publication  he  gave  a  figure  of  the  section 
•red  to,  accompanied  by  a  detailed  description  of  its  mem- 
In  this  publication  he  continued  to  catalogue  the  fossils 
tie  Bear  Kiver  formation  under  the  head  of  Tertiary,  but 
is  remarks  upon  these  strata  he  for  the  first  time  expressed 
5  doubt  upon  this  point,  and  suggested  that  they  might 
long  to  the  Upper  Cretaceous."     It  is  evident,  however, 

he  was  still  or  the  opinion  that  their  position  is  at  the 
oait  of  the  section,  and  therefore  above  all  the  undisputed 
aeeoas  strata  which  constitute  its  other  members. 
iie  character  of  his  discussions  concerning  the  paleontology 
be  Bear  River  formation  in  this  and  in  previous  publica- 
i  shows  that  the  doubt  referred  to  was  not  entertained  on 
unt  of  any  evidence  afforded  by  the  fossils  obtained  from 
3  strata,  all  of  which  he  regarded  as  of  Tertiary  types,  but 
eems  to  have  been  influenced  by  the  fact  that  dinosaurian 
tins  had  then  for  the  first  time  been  discovered  in  strata 

known   to  belong  to  the  Laramie  which  until  then  had 

by  all  geologists  regarded  as  of  Tertiary  age,  as  also  had 

the  Bear  River  formation. 

♦  Fourth  Ann.  Rep  U.  S.  Geol.  Surv.  Terr.,  pp.  149-153. 

+  Fifth  Ann.  Rep.  U.  S.  Geol.  Surv.  Terr.,  p.  H76. 

i  This  Journal.  Ill,  voL  i,  pp.  381-38.S. 

§  Sixth  Ann.  Rep.  U.  S.  Geol.  Surv.  Terr.,  pp.  451-454. 
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Upon  the  sheet  of  the  general  atlas  of  the  CF.  S.  Gteological 
Survey  of  the  40th  parallel  which  shows  the  district  travereed 
by  Bear  River,  the  Bear  River  formation  ia  indicated  as  be- 
longing to  the  Laramie,  and  the  areas  which  it  was  then  kiiowD 
to  occupy  are  colored  in  the  same  manner  as  are  the  tme 
Laramie  areas.  Tliie  atlas  was  published  in  1876,  and  tbe 
geology  of  the  Bear  River  distnct  is  understood  to  be  the 
joint  work  of  Messrs.  Clai-pncc  King  and  S.  F,  Emmons. 

In  his  final  report  also  Mr.  King  assigned  the  Bear  River 
strata  in  question  to  the  Laramie;*  and  he  correlated  those  of 
the  originally  discovered  locality  near  the  month  of  Snlplinr 
Creek  with  the  uppermost  beds  of  the  trne  Laramie  at  Black 
Buttes  Mr.  Emmons  also,  in  bis  final  reportf  assigned  tbe 
same  strata  to  the  Ijaracnie. 

At  this  time  the  belief  had  become  general  that  tbe  Bear 
River  formation,  notwithstanding  the  material  difference  of 
its  fossil  faniia  from  that  of  the  great  formation  which  theD 
began  to  be  known  by  the  name  of  Laramie,  was  contempo- 
raneous with  the  latter,  and  that  both  bold  tbe  same  relation  to 
overlying  aiid  underlyinir  formations.  For  these  and  other 
reasons  the  Boar  River  formation  began,  as  already  mentioned, 
to  be  known  as  the  Bear  River  T^ramie ;  that  special  desigai- 
tiou  indicating  a  recognition  of  the  fannal  difference  between 
it  and  the  Great  Laramie  formation. 

The  final  report  of  Mr.  PIngelmann  was  not  publiebed  until 
187(14  sixteen  yeiirs  after  tbe  publication  of  his  original  report, 
when  discussion  as  to  the  true  geological  age  of  the  Laramie 
formation,  including  the  Bear  River  strata,  had  become  sonie- 
what  prevalent.  Apparently  influenced  by  tliese  discussions 
Mr.  Engelinann  in  this  report  expressed  the  belief  that  the 
Bear  River  strata  are  of  Crctaceons  age,  although  in  his  orip- 
nal  report  {\ov..  cit.)  the  opinion  that  tliey  aw  of  Tertiary  age 
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[n  1876  also  Major  J.  W.  Powell,  who  had  personally  exam- 
d  the  geoloojy  of  the  district  embracing  the  lower  portion  of 
Ipbur  Creek  and  the  adjacent  portion  of  Bear  Kivel*  valley 
epted  the  conclusions  which  Mr.  Meek  had  reached  con- 
ning the  order  of  superposition  of  the  members  of  the 
Iphur  Creek  section,  an<l  published  a  verbatim  copy  of 
lek'S  description  of  it.*  In  this  publication  Major  Powell 
igned  the  Bear  River  strata  to  his  Point  of  Kocks  Group, 
ich  is  equivalent  to  the  Laramie,  but  both  of  which  he 
igned  to  the  Cretaceous,  placing  the  Bear  Kiver  strata  at 
t  gumrait  of  the  Sulphur  Creek  section,  as  all  the  other 
ilogists  referred  to  had  done.  In  the  same  \olume  I  de- 
ibed  several  of  the  characteristic  moUuscan  species  of  the 
ir  River  formation.f 

n  certain  of  my  writings  which  were  published  in  1877 
I  1878  I  assigned  the  strata  which  I  now  designate  as  the 
ir  River  formation,  as  well  as  the  coiil-bciring  beds  near 
inston,  which  are  also  found  in  Bear  River  valley,  to  the 
at  Laramie  formation.;}:  Both  of  these  assignments,  how- 
r,  having  been  erroneous  a  part  of  the  conclusions  which 
•e  reached  in  their  discussion  were  necessarily  also  erroneous. 
Che  results  of  some  extended  field  observations  made  by 
Belf  in  Colorado,  Utah  and  Wyoming  were  published  in 
i^^  In  the  part  of  that  publication  which  relates  to  the 
lofiry  of  Bear  River  valley  I  expressed  the  views  which  I 
n  held  concerning  the  relation  to  the  Laramie  formation  of 

Bear  River  strata  and  of  the  Evanston  coal-bearing  beds. 
58e  views  were  similar  to  those  expressed  in  my  publications 
the  two  previous  years  except  that  in  the  later  publication  I 
jested  that  the  Bear  River  strata  are  older  than  the  Laramie ; 

I  based  this  opinion  more  upon  paleontological,  than  upon 
tigraphical  ground.  I  repeated  the  expression  of  this 
lion  in  1883.;i 

n  1879  Dr.  A.  C.  Peale  published  the  results  of  his  exam- 
ion  of  the  geology  of  a  {K)rtion  of  western  Wyoming,*!  in 
eh  publications  he  shows  that  the  Bear  River  formation  has 
reater  geographical  extent  than  was  ever  before  known, 
found  these  strata  occupying  a  belt  of  country  of  varying 
:li,  lying  partly  in  Wyoming  and  partly  in  Idaho,  and  ex- 
ing  northward  from  near  the  place  of  their  original  dis- 

eologj  of  tho  iriuta  Mountains,  p.  158. 

eology  of  the  Uinta  Mountains,  pp   IIH,  122,  123. 

iilL  U.  S  Geol.  Surv.  Terr.,  vol.  iii,  pp.  Gi)7-6M.     lb.,  vol.  iv,  pp.  707-724. 

leveiith  Ann.  Rep.  U.  S.  Geol.  Surv.  Terr.,  pp   161-172. 

lird  Ann.  Rep.  U.  S.  Geol.  Surv ,  p.  430. 

Ileventh   Ann.  Rep.  IT.  S.  Geol.  Surv.  Terr.,  pp.  51 1-644 ;  and  map  accom- 

ig  the  1 2th  Ann.  Rep.     Also  Bull.  U.  S.  Geol.  Surv.  Terr,  voL  v,  pp.  1 95-200. 
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eoverf  to  the  43(1  parallel  of  north  iatitade,  a  (iistance  of  abont 
100  miles.  Besides  this  lie  reported  the  existence  of  a  mt- 
rower  and  ehortep  belt  Ij'ing  parallel  with  the  other,  a  few 
miles  farther  eastward. 

Most  of  the  strata  throughout  the  district  examined  by  Dr. 
Peale  have  been  much  displaced  by  orogenic  movements  md 
the  strijctiiral  geology  there  is  therefore  often  fonnd  to  be 
obscure.  Doubtless  because  of  this  obscurity  he  failed  to  see 
any  i-eason  to  oppose  the  then  prevalent  opinion  that  the  Bar 
River  formation  is  referable  to  the  Laramie  epoch,  and  re- 
ported that  formation  as  overlying  a  series  of  strata  which  be 
assigned  to  the  Cretaceous,  but  admitted  that  he  found  do 
paleontological  evidence  of  their  Cretaceons  age. 

In  1S77  and  1878  Prof.  Orestes  St.  John  examined  the 
geology  of  a  portion  of  western  Wyoming,  his  district  lying 
immediately  north  of  the  one  examined  by  Dr.  Peale,  bat  the 
results  of  his  work  were  not  published  until  1S82.  In  this 
report*  he  shows  that  the  Bear  River  strata  which,  following 
the  then  prevalent  custom  he  assigned  to  the  Laramie,  occDpj 
considerable  areas  in  the  district  examined  by  him,  one  of 
them  being  a  northward  continuation  of  the  principal  bell 
reported  on  by  Dr.  Peale.  These  areas  show  a  northwardwn- 
tinuation  of  the  Bear  River  formation  of  about  40  miles  more 
than  was  shown  by  the  results  of  Dr  Peale's  observatione, 
and  they  seem  to  mark  the  extreme  northern  limit  of  the 
formation. 

The  structural  geology  of  Prof-  St.  John's  district  is  even 
more  obscure  than  that  of  Dr.  Peale's  but  his  report  appears 
to  indicate  that  no  marine  Cretaceous  strata  have  been  depos- 
ited in  the  immediate  neighborhood  of  the  Bear  River  strata 
which  he  found  there.  Furthermore  a  proper  interpretation 
iif  tho  rcptirls  wliicii  have    Keen   iKiidc   by  various  geologist" 
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fossils  of  that  formation  are  so  referred  to  as  to  convey  the 
idea  of  its  equivalency  to  the  Laramie.  From  the  latter  date 
to  the  year  1891,  as  already  indicated,  no  direct  reference  to 
the  taxonomic  position  of  these  strata  seems  to  have  been  pub- 
lished. 

Daring  the  preparation  of  a  Review  of  the  North  American 
Cretaceous  Formations  which  was  published  in  1891,  I  found 
it  necessary  to  discuss  the  Laramie  formation  in  that  connec- 
tion. While  reviewing  the  literature  and  paleontology  of  that 
portion  of  my  subject,  in  connection  with  the  results  of  my 
personal  visits  to  bear  River  valley,  I  became  convinced  that 
the  Bear  River  formation  is  older  than  the  Laramie,*  and  that 
t  would  somewhere  be  found  overlain  by  Cretaceous  strata. 
Phis  opinion  I  expressed  on  page  153  of  the  work  referred  to. 

In  connection  with  my  official  duties  upon  the  U.  S.  Geo- 
>gieal  Survey  during  the  past  season  Mr.  Stanton  accompanied 
16  to  Bear  River  valley  where  we  together  reviewed  its  geol- 
agr  u p  to  the  point  where  my  previous  investigations  had 
^ased.  It  being  then  impracticable  for  me  to  continue  field 
ork  I  left  him  to  pursue  his  investigations  alone,  and  the  fol- 
•wins^  article  prepared  by  him  is  the  result.  I  need  only  add 
tat  I  regard  as  correct  his  conclusion  that  the  Bear  River 
urination  is  not  equivalent  to  the  Laramie,  but  that  it  occupies 

position  beneath  the  greater  part,  if  not  the  whole,  of  the 
univalent  of  the  Colorado  formation  of  the  marine  Cretaceous 
^ries.  That  is,  instead  of  overlying  the  equivalent  of  the 
ox  Hills  group,  or  No.  6,  of  Meek  &  Hay  den's  Cretaceous 
action,  the  Bear  River  formation  underlies  the  equivalent  of 
le  Fort  Benton,  or  No.  2,  of  that  section. 

It  is  known  that  certain  strata  exist  in  southern  Utah  in 
hich  several  of  the  characteristic  species  of  the  Bear  River 
>rmation  occur.  Their  investigation  in  the  near  future,  and 
1  the  light  of  the  newly  ascertained  facts  which  have  just 
een  stated  and  referred  to,  is  contemplated  ;  but  because  of 
resent  want  of  sufficient  knowledge  of  the  relation  of  those 
;rata  to  other  formations  in  that  district  they  have  not  been 
^nsidered  in  the  foregoing  remarks. 

some  associated  forma  hitherto  known.  Proc  U.  S.  National  Museum,  vol.  v, 
X  94-99,  plates  3  and  4. 

A  Review  of  the  Non-marine  Fossil  Mollusca  of  North  America.  Third  Ann. 
ep.  U.  S.  Geol.  Surv.,  pp.  411-560,  plates  1-32. 

Contributions   to   Invertebrate   Paleontology,    No.   4 ;    Fossila  of  the  Laramie 
roup.     Twelfth  Ann.  Rep.  U.  S  Geol.  Surv^Terr.,  Part;  I,  pp.  49-103,  pi.  20-30. 
The  genus  Pyrgulifera  Meek  and  its  associates  and  Congeners.     Tliis  Journal, 
)1.  xxix.  pp.  277-280. 
♦Bull.  U.  S.  Geol.  Survey,  No  82. 


T.  W.  Stanton — Straiigraphie  Position 


Abt.   XIV. —  The  Stratigraphio  Position  of  the  Bear  Rm 
Formation  ;  by  .T.  W.  Stanton. 

TnE  Bear  River  forrnatJoii  haa  been  defined  and  tlic  hiftorr 
of  opinion  concerning  its  age  and  position  have  been  given  in 
the  preceding  article  bv  Dr.  C.  A,  White,  During  July  und 
Augnst,  1891,  nearly  all  the  well  known  localities  wlieretliif 
formation  occors  were  reexamined  for  the  parpoee  of  deter- 
mining if  possible  its  relations  to  other  fur  mat  ions  in  the^ame 
region.  The  reeulfs  of  this  examination  are  now  presented, 
and  as  they  differ  materially  from  the  conclusions  reached  bv 
a  number  of  gcologistt!  who  have  visited  the  region  it  'm 
thought  necessary  to  give  somewhat  in  detail  the  facts  on 
which  they  are  based. 

The  areas  studied  were  (1)  at  Bear  River  City,*  on  tbe 
Union  Pacific  railway  twelve  miles  southeast  of  Evarifton. 
Wyoming;  (2)  on  Hear  Itiver  seven  miles  north  of  Evanston; 
(3)  near  the  mouth  of  Twin  Creek  and  on  Ham's  Fork,  boti 
on  the  Oregon  Short  Line  ;  {4}  the  valley  of  Smith's  Fork 
from  Ookeville,  Wyo.,  twenty  miles  northward.  These  Iwali- 
ties  are  scattered  over  a  narrow  belt  in  western  Wyoming 
nearly  one  hundred  miles  long  extending  from  latitude  4:l°ltl' 
to  42"  20'.  They  will  be  discussed  in  the  order  in  which  thej 
are  named. 

The  Bear  River  City  Area. — This  is  the  place  of  the  origi- 
nal discovery  of  these  strata,  as  mentioned  in  Dr.  White's 
article,  and  nearly  all  of  the  discussions  of  them  and  their 
equivalents  have  been  based  on  observations  and  collections  ol 
fossils  made  at  this  place.  There  is  here  a  small  area  of  hi^liK 
inclined,  folded  and  faulted  Cretaceous  and  other  strata 
inJe.l  and  overliiuiied   l.v  iieai-|v  liuri/nrUal  Wasatch  T^i 
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AsBOciated  with  the  sandstones  there  are  shales  and  one  or 
more  thin  beds  of  coal.  Following  this  ridge  northward  it  is 
soon  seen  to  curve  to  the  west  and  finally  to  the  southwest  so 
that  it  is  carried  to  Bear  River  City  where  it  ends  abruptly. 
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Fig.  1.  Sketch  map  of  small  area  at  Bear  River  City,  Wyoming,  showing  the 
location  of  the  sections  and  the  approximate  dips  and  strikes  of  the  more  important 
strata. 

a,  a,  fl,  ridges  of  Cretaceous  coal-bearing  sandstone.  6,  conglomerate  ridge  west 
of  the  Jurassic  outcrop.  The  figures  give  the  amount  and  the  arrows  indicate 
the  direction  of  the  observed  dips. 

The  sandstones  composing  it  are  there  nearly  vertical  and  form 
the  eastern  part  of  Meek's  section  which  will  be  quoted  farther 
on.  The  semicircular  space  thus  enclosed  is  occupied  by  soft 
clay  shales  with  a  few  thin  bands  of  sandstone,  all  of  which 
show  the  same  curved  strike  with  dips  toward  the  center  of 
the  curve.  About  250  yards  west  of  the  first  ridge  at  Bear 
River  City  there  is  a  second  less  prominent  ridge  of  coal-bear- 
ing sandstone  that  seems  also  to  have  a  curved  strike  parallel 
with  the  first.  It  is  possible  that  these  two  ridges  consist  of 
identical  strata  duplicated  by  a  fault  or  fold,  but  positive  proof 
of  this  was  not  obtained. 
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From  a  point  about  one  and  a  half  miles  north  of  Hilliird 
another  ridge  of  Cretaceous  sandstone  dippine  30°  to40°e«t 
extends  north  and  northwest  for  about  two  milea.  The  end 
relations  of  this  ridge  at  the  intersection  with  those  jnet  de- 
scribed were  obscured  by  surface  debris,  but  it  is  evidently 
L'oinpoaed  of  the  same  series  of  beds  that  constitnte  the  other 
ridges.  The  sandstone  is  underlain  by  s  great  thickness  1000 
to  1500  feet — of  fissile  binish  and  brownish  shales  not  tut- 
ficiently  ex|x>sed  for  accurate  measurement. 

Immediately  west  of  Bear  River  City  there  is  a  prominent 
ridge  the  crest  of  which  is  formed  by  a  hard  brownisli  con- 
glomerate trending  north  2S°  east  It  is  nearly  vertical  and  ii 
continuously  exposed  for  about  four  miles.  All  the  strata  im- 
mediately associated  with  this  conglomerate  and  all  those  weet 
of  it  have  approximately  tlie  same  strike.  These  strata  sre 
described*  in  Professor  Meek's  section  on  Sulphur  Creek,  and 
as  my  first  observations  were  made  on  the  same  section  it  is 
reproduced  here  in  order  that  the  new  facte  may  be  clearij 
connected  with  those  already  known.  In  copying  the  figare 
(section  1)  the  first  three  beds  at  the  east  end  of  the  sectiontre 
omitted,  and  names  of  the  formations  recognized  are  added 
beneath. 

Mekk's  Section. 

"No.  1.  Black  shale,  only  seen  in  the  bottom  of  Sulphur 
Creek,  thickness  unknown. 

No.  2.  Slope  apparcnlly  occupied  by  clays,  thickness  per- 
haps 100  feet  or  more   *- lOOlL 

No.  3.  Soft  light  grayish  sandstone,  nearly  vertical 80  ft. 

No.  i.  Covered  8]>.ace,  probably  occupied  by  clays,  but 
showing  some  sandstone  that  may  or  may  not  be  in 
place;  perhaps  room  enough  for  250  to  300  feet 300(1. 

No.  fi.  Two  or  liiix-e  rather  lieavy  beds  of  liurhl  yellowish 
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No.  10.  Light  gray  sandstone 20  ft. 

1^0.  11.  Slope  and  unexposed  space,  perhaps  200  yards  or 
more  across. 

1^0.  12.  Light  gray  sandstones  and  clays,  inchidinc]^  a  bed 
of  good  coal,  said  to  be  VJ  feet  in  thickness  ;  all  dipping 
south-southeast  55°  below  horizon  ;  and  the  sandstone 
above  the  coal  containing  many  casts,  Itiocerumiis proh- 
lematicus^  with  a  few  casts  of  Cardlnm  and  undeter- 
mined univalves;  altogether  showing  about 150  ft. 

No.  13.  A  valley  or  depression  showing  no  rocks,  perhaps 
150  yards  across. 

No.  14.  Ferruginous  sandstone  in  thin  layers,  dipping 
northwest  about  80°  below  horizon 40  ft. 

No.  15.  Bluish  laminated  clays  with,  at  top  (left  or  west 
side),  a  two-foot  layer  of  sandstone,  containing  frag- 
ments of  shells  not  seen  in  a  condition  to  be  determined,  Vlo  ft. 

No.  16.  Clays  and  sandstone  below  (20  feet) ;  gray  and 

brown  pebbly  sandstone  above  (25  feet) 45  ft. 

No.  17.  Brownish   and   bluish   clays,  with  some   beds  of 

white,  greenish  and  brownish  sandstones 115  ft. 

No.  18.  Plard  gray  conglomerate,  standing  nearly  verti- 
cal, and  forming  crest  of  hill  about  350  feet  high 40  ft. 

No.  19.  Slope  showing  above  some  masses  of  conglome- 
rate, like  that  of  division  18,  perhaps  not  in  place,  with, 
at  places  below  this,  some  reddish  clays;  altogetlier 
Fpace  enough  for  500  to  600  feet  in  thickness 600  ft. 

No.  20.  Greenish- white  sandstone -     40  ft. 

No.  21.  Brownish  clays  and  sandy  layers 60  ft. 

No.  22.  Brownish  clays  and  beds  of  sandstone,  the  latter 
light  gray  below 110  ft. 

No.  23.  Whitish  sandstone — forms  crest  of  hill  about  220 
to  240  feet  in  height 40  ft. 

No.  24.  Conglomerate  and  some  red  clays 20  ft. 

No.  25.  Brownish  and  reddish  clays  with  a  few  distantly 
Separated  thin  beds  and  layers  of  gray  sandstone,  alto- 
gether  750  to  800  feet  in  thickness 800  ft. 

"^o.  26.  Gray  sandstone  in  place,  apparently  connected  with 
Some  masses  (that  may  not  be  in  place)  so  as  to  include 

-^  Space  enough  for  60  to  80  feet — forms  crest  of  a  hill  ...      80  ft. 

^o.  27.  A  long  space  of  perhaps  260  yards  or  more,  with 
only  a  few  low  exposures  of  light-gray  sandstone,  show- 
ing  a  slight  westward  dip. 
^o.  28.  Numerous  thin  seams  and  layers  of  dark  carbon- 
aceous shales,  with  harder  thin  bands  of  various  colored 
argillaceous,  arenaceous  and  calcareous  matter,  includ- 
ing a  few  very  thin  streaks  of  coal ;  the  whole  being 
highly  charged  with  vast  numbers  of  fresh  and  brack- 
ish-water shells,  such  as  species  of  UniOy  Cprbicula, 
Corbulaj  Pyrgulifera^  Viviparus^  Jfelatnpus^  etc.  Dip 
nearly  east,  about  75°  below  the  horizon  ;  thickness  175 
to  200  feet  exposed 200  ft. 

Am.  Joua.  Soi.— Thibd  Smxa,  You  XLIII,  No.  254,— Febbuabt.  1892. 
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No  recognizable  fofisils  had  been  found  in  the  broad  space 
letween  No.  12  and  No.  28,  and  the  visible  structural  and  topo- 
;raphic  features  gave  no  indication  of  the  presence  of  folds  or 
anlts  there.  On  careful  search  in  this  space  it  was  found  that 
he  fossiliferous  layer  in  No.  15  mentioned  by  Professor  Meek 
ontains  characteristic  Jurassic  species  and  that  No.  IS  is  in 
»rt  occupied  by  fossiliferous  Bear  River  shales,  showing  that 
between  these  two  zones  there  is  a  fault  the  existence  of  which 
lad  not  before  been  suspected. 

In  the  space  No.  13  several  species  of  Bear  Kiver  fossils 
irere  found  on  the  surface  and  less  than  half  a  mile  northeast 
ilong  the  strike  the  same  forms  were  found  in  place  in  cal- 
careous and  argillaceous  shale  of  which  about  250  feet  are  ex- 
posed.    The  following  forms  were  obtained : 

Pyrgxdifera  humerosa  Meek. 
Corbula  pyriformis  Meek. 
Goniobasis  chrysalis  Meek. 
Goniobasis  chryaaloidea  White. 
Goniobaaia  maciUnta  White. 

These  are  all  characteristic  and  easily  recognizable  Bear 
Kver  forms,  all  of  which  occur  in  No.  28  of  Meek's  section. 
The  zone  was  traced  by  means  of  small  exposures  and  of  fos- 
ttlg  on  the  surface,  north-northeast  along  the  strike,  to  Stowe 
Creek,  a  distance  of  two  miles. 

500  or  600  feet  west  of  these  Bear  River  strata  the  fossilif- 
erous layer  in  No.  15  mentioned  by  Professor  Meek,  yielded 
the  following  Jurassic  species : 

Belemnitea  densus  M.  and  H. 

Trigonia  quadrangularis  Hall  and  Whitf. 

Myacitea  (Fleuramya)  weberensis  Meek  ?. 

Numerous  examples  of  the  first  named  species  were  found. 
It  is  one  of  the  most  common  and  characteristic  forms  of  the 
Jurassic  of  the  Rocky  Mountain  region.  Trigonia  quadran- 
gularis  is  not  so  well  known,  but  the  type  is  from  Jurassic 
strata  near  Como,  Wyoming.  The  Myacites  is  abundant 
though  not  well  preserved  and  there  is  some  doubt  as  to  the 
stratigraphic  position  of  the  type  specimen  which  was  referred 
to  the  Jurassic  for  paleontologic  reasons.  The  evidence  of  the 
Jurassic  age  of  this  layer  furnished  by  the  first  two  species  is, 
however,  regarded  as  conclusive.  The  fossils  were  found  for 
*boot  half  a  mile  along  the  strike.  The  other  associated  beds 
that  are  referred  to  tne  same  age  were  so  assigned  because  no 
t^asons  were  found  for  separating  them. 

From  No.  14  to  No.  27  inclusive  only  the  harder  beds  are 
exposed  and  the  descriptions  of  the  others  are  based  on  the 
mracter  of  the  surface  debris.  It  is  evident,  however,  that 
Done  of  these  strata  are  duplicated  as  they  would  be  if  the 
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duplication  of  the  Bear  River  shales  had  been  caused  byi 
Bimple  fold.  This  port  of  the  seriee  and  the  overlying  bedi 
are  more  fully  exposed  in  the  section  on  Stowe  Creek,  which 
will  be  descrioed.  The  beds  in  space  No.  27  are  very  mnch 
disturbed  and  only  slightly  exposed.  Besides  the  nearly  hori- 
zontal outcrops  of  sandstone  tignred  by  Prof.  Meek  there  at, 
a  short  distance  east  of  the  fossiliferous  No.  '28,  two  almott 
vertical  bands  of  gray  sandstone  containing  fragments  of  dicoty- 
ledonous leaves,  while  the  outcrops  2(J0  yards  north  show 
similar  sandstone  dipping  46°  west.  It  will  be  seen  on  exam- 
ining the  corresponding  part  of  the  Stowe  Creek  section  that 
this  confused  condition  as  well  as  the  apparent  fold  in  No.  28 
are  purely  local,  the  only  movemeut  there  indicated  being  ■ 
slight  change  in  dip. 

On  the  direct  line  of  Meek's  section  there  are  no  more 
exposures  for  a  long  distance  because  it  passes  into  the  vallej 
of  Sulphur  Creek  and  thence  down  through  the  meadows  " 
Bear  River.  But  following  the  strike  of  No.  '28  less  than  h_ 
a  mile  north-northeast  it  was  found  that  the  fossiliferons  Bei^ 
Biver  shales  are  succeeded  westward  by  thin  beds  of  gnt 
Bandetone  (about  tiO  feet)  and  these  by  binish  and  browniHi 
fissile  shales,  of  which  about  1000  feet  are  exposed,  containiai; 
numerous  teleost  fish  scales.  The  strata  are  then  covered  for 
one-fourth  of  a  mile  or  more  to  Millis  Station  where  there  iss 
tunnel  on  a  nearly  vertical  bed  of  coal  six  feet  thick.  TL* 
associated  beds  are  not  exposed  and  the  hills  a  short  distance 
northwest  are  composed  of  horizontal  Wasatch  strata. 

In  the  same  way  the  Bear  River  shales  were  followed  aloDg 
the  strike  south -south  west  for  two  miles  from  the  line  of  the 
section  and  were  there  found  to  underlie  the  high  hill  on  the 
east  bank  of  Bear  River.  At  this  most  southern  exposure 
there  is  a  covered  apace  of  about  500  feet  in  the  meadows  along 
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•bearing  Cretaceous  Bandstones  near  the  east  end  of 
tion,  which  are  now  known  to  belong  to  the  Colorado 

les  north  of  Sulphar  creek  another  small  stream, 
k,  has  cat  a  deep  valley  across  the  uptamed  strata 
;ood  exposures  of  most  of  them.  The  following 
tscription  will  show  that  it  supplements  the  Sulphur 
ion,  especially  in  the  western  half.  The  strata  are 
overturned,  dipping  75°  to  85*^  east.  The  beds  are 
from  east  to  west.     (See  section  2  ) 

Section  on  Stowe  Creek. 

ver  Formation. 

exposures  of  dark  shales  with  calcareous  bands 
lin^  Pyrgulifera  humerosa^  Corbula  pyrifor- 
'OJiiobasis  chrysalis,  etc. 

space  about 500  ft. 

? 

shales  and  shaly  sandstones.     Dip  85°  east 100  ft. 

lish  shales  with  some  sandstones  near  base 120  ft. 

shaly  sandstone 200  ft. 

id  gray  sandstones  not  well  exposed 100  ft. 

)tal 520  ft. 

juglomerate  of  small  pebbles.     Dip  85°  east..   150  ft. 

in  a  valley 250  ft. 

oindstone 15  ft. 

and  bluish  soft  shales  with  some  thin  bands  of 

3ne  mostly  covered 350  ft. 

indstone 20  ft. 

ed  shales  with  thin  beds  of  sandstone 425  ft. 

ray  sandstone 200  ft. 

id  reddish  shales 1 00  ft. 

mce  of  all  thb  coal-bearing  Cretaceous  sandstones  of  this  neighbor- 
!olorado  formation  requires  a  word  of  explanation.  There  has  been 
ion  concerning  the  age  of  these  beds  and  their  equivalents  at  Coal- 
A  number  of  invertebrate  8i)ecie3  have  been  described  from  them, 
I  excepting  Inoceramus  probleinaticus  was  known  lo  occur  in  any  of 
of  the  Meek  and  Ilayden  section  east  of  the  mountains.  Lithologi- 
'6  some  resemblance  to  the  Montana  (Fox  Hills)  formation,  and  they 
by  beds  of  dark  shales  of  the  Colorado.  For  these  reasons  they  have 
luently  referre<i  to  the  Fox  Hills,  now  called  the  Montana  formation. 
:  during  the  last  two  seasons  lias  shown  (I)  that  a  large  num>>er  of 
this  peculiar  fauna  occur  in  the  Colorado  formation,  east  of  the  moun- 
em  Colorado,  associated  with  the  characteristic  species  of  that  forma- 
some  of  these  characteristic  species  also  occur  in  tlio  Coalville  l)ed8 
efore  conclude  that  the  Colorado  formation  attained  an  unusual  thick- 
s  western  coast  of  the  interior  Cretaceous  sea  and  that  the  local 
»f  its  fauna  as  well  as  the  greater  thi(.*kness  and  coarseness  of  the 
due  to  the  proximity  of  the  shore.  These  facta  will  be  fully  demon- 
iper  now  in  preparation  and  they  are  mentioned  here  only  because 
important  bcHEiring  on  the  ago  of  the  Bear  River  formation. 
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Coarse  gray  sandstone.     Dip  85°  east 6fL 

Bluish  and  reddish  shales Tad 

Total* 1591  ft. 

6.  Bear  Kiver  Formation. 

Brown  sandstone.     Dip  75°  east 20 ft 

Solt  gray  shales IZSfl 

Gray  sandstone 10  ft, 

Dark  shales Mft 

Brown  sandstone 10ft. 

Dark  shales  with  calcareous  bands  containing  uamerons 
fossils — Pjfrguli/eia  humerosa,    Vorbiila  pyriformia^ 

L'liio  helliplicatua,  etc 250  ft 

SandHtone 10  ft 

Dark  shales  with  thin  bands  of  limestone,  and  sandstone 
and  occasional  carbonaceous  seams ;  many  Bear  River 

fossils 100(1 

Gray  sandstone.     Dip  75°  east 10  ft 

Soft  shales SSft, 

Gray  sandstone.     Dip  76*  east 20  ft. 

Total  .-- --- -- 840(1 

fi.  Colorado  Formation. 

Bluish   fi^^sile  shales  with   many  fish  scales  and  a  few 
marine  Cretaceous  in  vertebrates,  exposed  about oOO  ft. 

The  space  for  aboiit  half  a  mile  west  shows  only  a  few  ^mall 
exposuree  of  shales.  At  this  point  an  o|>enii]g  has  been  raidB 
on  a  bed  of  coal  six  feet  thick  and  dipping  75°  east.  This  is 
doubtless  the  same  coal  bed  as  that  which  occurs  at  Mlllis 
station.  The  associated  strata  are  concealed  by  soil  and  b; 
debris  from  the  horizontal  Wasatch  beds  that  cap  the  adjacenl 
hills. 

East  and  north  of  this  section,  in  the  area  between  ihe  ridgfl 
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From  the  facts  jast  given  in  detail  the  following  deductions 
re  made : 

1.  The  latest  strata  embraced  in  Meek's  section  on  Snlphnr 
!reek  are  not  those  of  the  Bear  Biver  formation  as  he  snp- 
KMed  bnt  are  the  dark  shales,  No.  1,  at  the  east  end  of  that 
ection  which  occupy  a  syncline  between .  Hilliard  and  Bear 
liver  City. 

2.  Between  Nos.  13  and  14  of  Meek's  section  or  perhaps 
nthin  the  space  No.  13,  a  reversed  strike  fault  along  the  axis 
f  a  sharp  anticlinal  fold  has  brought  Jurassic  strata  m  cc/ntact 
rith  the  eastern  belt  of  fossiliferous  Bear  River  shales,  conceal- 
ng  the  intervening  beds. 

3.  These  recognized  Jurassic  strata  are  overlain  by  a  con- 
iderable  thickness  of  conglomerates,  sandstones  and  shales  of 
rhich  the  age  is  not  known,  though  for  stratigraphic  reasons 
hey  are  doubtfully  referred  to  the  Dakota. 

4.  The  Bear  Kiver  formation  rests  on  the  last  mentioned 
^s  and  as  just  indicated  is  conformably  overlain  by  the  shales 
nd  sandstones  of  the  Colorado  Cretaceous. 

It  will  be  seen  that  the  facts  obtained  at  other  localities  tend 

0  confirm  these  conclusions. 

The  Area  seven  miles  north  of  Evanston, — From  Evanston 
lorthward  along  the  east  bank  of  Bear  river  for  five  or  six 
niles  the  hills  consist  of  reddish  brown  conglomerates,  sand- 
tones  and  shales  at  the  top  underlain  by  lighter  colored  sand- 
tones  with  shales  and  heavy  beds  of  coal  (the  Almy  mines), 
.11  dipping  10°  to  15®  southeast.  Dr.  White  in  his  later  writ- 
Dgs  refers  all  of  these  beds  to  the  Wasatch  while  Mr.  Emmons 
md  others  have  regarded  the  coal  as  belonging  to  the  Laramie. 

1  short  distance  north- northwest  of  the  most  northerlv  of  the 
Slimy  coal  mines  is  a  hill  composed  of  the  characteristic  shales 
)f  the  Bear  River  formation  with  very  many  fossils,  including 
ilmost  all  the  species  found  in  that  formation  at  Bear  River 
3ity.  The  beds  are  exposed  for  a  mile  or  more  northward 
>arallel  with  the  course  of  the  river.  They  have  about  the 
tame,  or  in  some  places  a  less  dip  than  the  coal-bearing  series, 
^ith  which  they  have  no  other  characteristic  in  common.  The 
iontact  between  the  two  formations  is  concealed  in  a  valley 
^here  there  is  probably  a  fault.  On  the  west  slope  of  the  hill, 
adjacent  to  the  river  valley,  the  Bear  River  shales  are  uncon- 
■ormably  overlain  by  soft  reddish  brown  sandstones  and  shales 
)f  the  Wasatch  Tertiary,  dipping  west,  so  that  both  the  top 
md  the  bottom  of  the  Bear  River  beds  are  effectually  concealed. 

It  is  worthy  of  note  that  about  six  miles  north  of  this  locality 
I  high  ridge  of  Carboniferous  limestone  is  brought  up  by  a 
'old  the  axis  of  which  if  prolonged  would  pass  a  little  west  of 
lie  Bear  River  exposure.  The  conditions  observable  in  this 
irea,  however,  throw  comparatively  little  light  upon  l\i^  Q^<ee»- 
don  of  the  taxonomic  position  of  the  Bear  Kiver  ioTm^iWow, 
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All  of  the  localities  remainiiig  to  be  eonsidered  are  in  the 
Area  vhicb  was  examined  by  Dr.  A.  C.  Peale  in  1877,  bj  whom 
collections  of  fossils  were  luade  from  the  Bear  River  strata  at 
the  most  of  them.  His  report*  on  the  reffioD  referred  to  wu 
pablislied  in  1S79  and  his  map  of  it  accompanied  the  twelfth 
annnal  report  of  the  Sarvey  of  the  Territories  which  was  oot 
issued  until  1SS2. 

Localitui  (w  Titin  Crtek  and  Ilatn'a  Fork. — Thirty-five 
miles  north  of  Kvanston  at  Sa^  eution,  near  the  month  of 
Twin  creek,  then?  is  an  abandoned  mine  on  a  thin  bed  of 
«o*l  dipping  aboDt  S5°  northwesL  Above  tbe  coal  there  is  a 
considerable  thickness  of  sandstones  intersl  rati  tied  with  ar?il- 
Iftceons  and  siliceous  shales  none  of  which  yielded  any  foi^ik 
In  a  thin  bed  of  sandstone,  15  or  '20  feet  below  the  coal  Mod'uM 
m\tU\liMgeni,  Jiarbaiia  coaivUi^fuu  and  a  few  other  species 
of  the  Colorado  Cretaceous  were  found.  4(X>  or  500  feet  emt 
of  ^below)  this  there  are  esposares  of  sandstones  and  calcare- 
otife  shaiee  containing  Bear  River  fossils,  interetratified  with 
thin  seams  of  coal  on  some  of  which  excavations  have  been 
made.  A  tignre  of  the  section  and  a  list  of  the  Bear  Ricer 
species  collected  here  has  been  i>obIished+  by  Dr.  Peale.  He 
£Utes  that  the  fossils  there  ennnierated  came  from  above  the 
coal.  It  is  probable  however,  that  one  of  tbe  lower  coal  seami 
is  referred  to  and  that  the  bed  in  the  Colorado  formalioa  was 
Dot  then  opened.  On  tbe  sooth  side  of  the  creek  less  IliM 
half  a  mile  from  the  coal  mine  there  are  obscure  ontcrops  uf  t 
fosfiliferoos  Tertiary  liioestone  that  also  dips  northwest,  shoe- 
ing that  it  ts  involved  in  the  folds  and  faults  of  the  neigbbor- 

lMX>d. 

On  Ham's  Fork  there  is  a  somewhat  similar  condition  of 
things,  Thi&  locality  is  about  twentyfive  miles  east  of  ihe 
iMie  Init  described  and  a  mile  e«st  of  Waterfall  station.  On 
the  western  bonier  tif  the  small 
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On  the  west  the  Bear  Kiver  formation  is  overlapped  bj  a 
light-colored  calcareons  sandstone,  interbedded  with  greenish 
cmys  and  soft  yellowish  sandstones.  The  dip  varies  from  10^ 
to  20^  west  and  the  total  thickness  seen  is  about  50  feet.  The 
calcareous  band  contains  Goniobcutis  tenera^  Unio  hayden% 
Vivipariis  paltidincB/ormie  and  other  characteristic  species  of 
the  Wasatch  Tertiary.  The  few  exposures  in  the  space  extend- 
ing one  half  mile  farther  west  shows  that  these  Wasatch  beds 
are  folded  in  a  gentle  syncline  beyond  which  the  shales,  sand- 
stones and  coal  seams  of  the  Colorado  Cretaceous  appear  with 
dips  varj^ing  from  20**  to  29°  west.  The  top  of  the  exposed 
section  is  formed  by  the  sandstones  of  Oyster  Ridge,  which 
are,  in  part  at  least,  the  equivalent  of  similar  Cretaceous  sand- 
stones at  Bear  Kiver  City  and  at  Coalville.  It  is  believed  that 
a  large  part  of  the  Bear  River  formation  and  a  considerable 
thickness  of  Colorado  shales  and  sandstones  are  concealed 
beneath  the  folded  Wasatch  Tertiary  beds  above  mentioned. 

TAe  Valley  of  Smithes  jPbri.— Smith's  Fork  empties  into 
Bear  River  at  Cokeville  (formerly  called  Coketon)  nearly 
twenty  miles  north  of  Twin  Creek.  The  last  three  miles  of  its 
course  is  west,  but  above  that  for  twenty  miles  it  flows  almost 
south.  The  stream  was  followed  for  that  distance  to  the 
second  great  bend  in  its  coui*se  where  it  approaches  nearest  to 
the  head  waters  of  Thomas'  Fork.  The  narrow  drainage  area 
of  this  part  of  the  stream  is  only  from  four  to  eight  miles  wide 
and  lies  between  the  Sublette  range  on  the  west  and  a  name- 
less range,  the  southern  continuation  of  the  Salt  River  range, 
on  the  east.  Nearly  all  the  beds  underlying  this  valley  belong 
to  the  Bear  River  formation  which  has  here  a  greater  thickness 
than  at  any  other  locality  visited.  The  strata  are  much  folded, 
there  being  an  anticlinal  fold  and  two  synclinals — one  of  which 
is  replaced  by  a  fault  in  the  southern  portion — between  the 
two  ranges  and  parallel  with  them. 

A  few  detailed  sections  are  given  below  to  show  the  struc- 
ture, and  for  comparison  with  the  sections  near  Bear  River 
City. 

At  Cokeville  the  Carboniferous  limestones  are  brought  up 
in  a  sharp  broken  fold  forming  prominent  hills  on  both  sides 
of  Smith's  Fork.  The  upper  portion  of  the  overlying  strata 
that  are  doubtfully  referred  to  the  Triassic  yielded  a  number 
of  imperfectly  preserved  fossils  belonging  to  the  genera  Avic- 
ulopecten^  Lingula^  Camptonectes  (?)  etc.,  that  have  not  been 
specifically  determined.  They  indicate  that  the  strata  contain- 
ing them  are  certainly  not  later  than  the  Jurassic  and  they  are 
believed  to  belong  to  the  '*  Meekoceras  Beds  "  which  have  been 
referred  to  the  Triassic.  The  beds  immediately  overlying  are 
concealed  by  a  fault  which  brings  these  Triassic  (?)  limestones 
in  contact  with  the  Bear  River  formation  which  rests  on  a 
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seriflB  of  alternatinfr  sandstones,  shales  aad  cotifflome 
Beneath  the  conglomerate  there  are  reddish  brown  tain  hi 
sandBtones  acd  sandy  shales  formin?  the  axis  of  an  anti 
fold.  No  fossils  were  found  in  the  Tatter  beds  bnt  thej 
a  close  resemblance  to  the  strata  in  which  Jnrassic  fossils 
found  near  Bear  River  City,  and  they  are  separated  froi 
Bear  River  formation  by  similar  conglomerates  and  sand^ 
at  both  places. 

COKKVILLE  SECTION. 

From  the  mouth  of  Smith's  Fork  eastward. 
■  I.  Carboniferous. 

Blue  limestone  and  shales  in  a  sharp  anticlinal  fold —   H 
Thin  bedded  limestone  and  shales  with  some  arenace- 
ous layers t 

Total 1' 

2.  TriaBsic? 

Red  shales  and  sandstones  not  well  exposed ' 

Blue,  limestone  wiih  Aviculopecten,  etc.    Dip  70°  east, 

Total i 

3.  Bear  River  Formation. 

Covered  about 

Dark  shales  with  carbonaceous  seams  and  calcareous 
layers  containing  numerous  specimens  of  Corbala 
pyriformiit,  Unio  beUiplicatiis  and  other  Bear  River 
species.  Dip  00°  west.  This  is  seen  in  a  tunnel 
that  has  been  driven  in  search  of  coal. 

Mostly  covered  for  a  distance  of  2250  feet.  In  this 
space  there  are  some  Hinall  exposures  of  shale  and 
two  or  three  bands  of  sandstone  one  of  which  con- 
tains Oelrea. 

Variegated  shales  and  thin  bands  of  snndstone.  The 
■e^i    half  ooiU;iins    P./rffidJ/tr 


qf  the  Bear  River  Formation. 


Hi 


?he  eectioQ  here  croeaes  Smith's  Fork  at  the  bend  and  the 
ita  are  concealed  in  the  level  river  valley  for  a  quarter  of  a 
e.  Then  there  are  expoenres  of  browD  conglomerate  and 
detone  dipping  aboat  50°  eaat  that  are  evidently  the  eqniva- 
ts  of  the  lower  beds  in  No.  4.  Still  farther  west  alongthe 
^  nor  til  side  of  Tine 
■3  Creek  there  are  char- 
f  acteristic  exposnres  of 
*  the  blaish  and  varie- 
,"  gated  Bear  River 
-0  Bnales,  beyond  which 
^  all  the  strata  are  cov- 
ered for  a  mile  or  more 
I  to  the  range  of  hille 
^  t  li  a  t  here  forms  the 
Q  l>ouiidary  between  the 
■3  Bear  liiver  and  Green 
tij  River  drainage  areas. 
■|  o  The  beds  on  the  west- 
g.«  X  ern  flank  of  this  range 
&  =1  >,  are  the  gray  and  bine 
^„-a  calcareous  shales  that 
fc"!  Dr.  Peale  referred  to 
^■2=3  the  Jnrassie  "Penta- 
"i^g  crinus  Beds." 
^5«  The  Btnieture  indi- 
°  1  g  cated  by  the  dotted 
=  _c  lines  in  the  figure 
"  °  —  (Section  3)  was  seen  in 
^-s  I  the  continuation  of  this 
.s  1 1  belt  both  north  and 
\  M  south  of  the  line  of 
S  n-^  the  section. 
*■=  About  twelve  miles 

";!=  north    of    Cokeviile   a 
■^  .J  small     stream,    not 
.5^   named   on    the    maps, 
§'3  cuts    a    deep    gorge 
^k^\      (*■§   through  the  plateau  on 


the  east  side  of  ymith's 
_  Fork  and  shows  the 
•o5  general  character  of 
'X  -  the  underlying  beds. 
I  ^  The  strike  of  the  strata 
„'£  is  generally  very  eon- 
c-g  stant  in  this  region, 
"I 'I  nearly  parallel  with  the 
mw  course  of  the  rivet, 
"  Thia  section  \,\i%TelQTfe 
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eupplements  the  preceding  one  as  it  Bhows  the  beds  east  of  tic 
synclinal  fold. 

Beginning  at  the  river  the  following  beds  are  ezpocedii 
descending  order,    (See  Section  4). 

SfiCTtON  OK  TBB  East  Sipb  OF  SkuTa's  Fork. 
1.  Bear  River  formation. 
Bluish  argillaceous  and  calcareous  shales  with  occa- 
sional thin  bedx  of  gray  Sflndsione.  Fossils  are 
abundant  especially  in  the  upper  half.  There  are 
also  a  few  fossils  (a  smalTGasieropod  and  nutlets  of 
Chara)  at  the  base.  Dip  56°  to  60°  west.  Thick- 
ness about 3000  ft 

'£.  Dakota? 
Brown  pebbly  conglomerates  and  coarse  sandstones 
alternating  with  covered  spaces:     Total   thickness 
about 600  ft. 

3,  Jurassic? 

A  space  nearly  a  mile  wide  that  is  mostly  covered  but 
the  surface  debris  and  numerous  small  exposures 
indicate  that  it  is  underlain  by  reddish  brown  sand- 
stones and  sandy  shales.  Dip  55*  -or  60°  west. 
Thickness 3000  fL 

4.  Jurassic. 

Greenish  gray  laminated  calcareous  sandstone 100  H 

Blue  and  gray  calcareous  shales.     Tbickneas  undeter- 
mined. 
No.  4  is  the  "  Peniacrinus  Heds"  of  Dr.  Peale's  general  eec- 
tion*  of  the  Jura-Trias  in  tins  region, 

ion  on  the  west 
s  here  in  a  ejn- 
on,  bat  it  cati 


Five  iniles  farther  north  a  part  of  the  seeti 
side  of  the  stream  was  measured.  The  river  i 
clinal  valley  as  it  was  at  the    preceding  secti 


across  the  strata  at  a  low  an^rle  so  that  near  CokeviUe  it  hu 
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Greenish  saDdstone  weathering  to  a  dark  brown.  It 
contains  Unio  vestustus^  Limnea  {limnophysa)  ni- 
tidula  and  a  few  other  fossils.  Dip  55°  east.  Thick- 
ness         10  ft. 

Covered 300  ft. 

Gray  sandstone  containing  a  few  dicotyledonous  leaves'*' 
and  Gasteropods 10  ft. 

Bluish  argillaceous  and  calcareous  shales  with  some 
thin  bands  of  sandstone.  Bear  River  fossils  are 
numerous  in  the  calcareous  layers.  Tbe  dip  seems 
to  remain  constant  at  65°  east  to  the  river  plain  of 
Smith's  Fork  making  a  thickness  of 2200  ft 

Total 3420  ft. 

The  level  meadows  of  the  river  plain  are  about  half  a  mile 
wide,  and  the  east  bank  of  the  stream  directly  opposite  is  com- 
posed of  Bear  River  strata  dipping  60°  west. 

Three  miles  north  of  the  last  section  the  divide  between 
Smith's  Fork  and  Thomas'  Fork  is  made  up  of  fossiliferous 
Bear  River  shales  and  sandstones  dipping  east.  The  underly- 
ing sandstones  and  conglomerates  (base  of  preceding  section) 
are  sharply  folded  in  an  anticlinal,  west  of  which  the  highly 
fossiliferous  Bear  River  beds  again  appear  in  a  synclinal.  Still 
farther  west  along  Thomas'  Fork  the  reddish  brown  thin  bed- 
ded sandstones  and  sandy  shales  beneath  the  conglomerate  are 
exposed. 

Gefieral  Discussion  of  the  Sections, — The  following  table 
based  on  the  detailed  sections  shows  the  relative  positions  of 
the  different  Cretaceous  formations  described  and  their  cor- 
relation with  the  members  of  the  complete  upper  Cretaceous 
lection  of  the  Northwest,  in  which  the  Colorado  formation  is 
the  equivalent  of  the  Fort  Benton  and  Niobrara  groups  of  the 
Ueek  and  Hayden  section  and  the  Montana  is  tne  equivalent 
of  the  combined  Fort  Pierre  and  Fox  Hills  of  the  same  section. 


TlBTlARY. 


Cketaceous. 


•^^ASSIC. 


Wasatch,     j Conglomerates,  coarse  sandstones  and  shales  with  coal 
at  the  base. 


Laramie.      Wanting,  or  included  in  the  above. 


Montana.     iNot  positively  identified. 

Colorado.     Shales  and  coal-bearing  sandstones.    Thickness  not  less 
i     than  2500  ft.      _ 

Bear  River.  Very  fossiliferous  argillaceous   and   calcareous  shale 
I     alternating  with  chin  beds  of  sandstone. 

Dakota?       Conglomerates  and  coarse  sandstones.     Thickness  of 
last  two  2500  to  4000  ft. 


Belemnites  Thin  bedded  sandstones  and  sandy  shales. 
Beds. 


*The  fragmentary  plants  collected  from   this  formation  have  not  yet  been 
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It  has  already  been  shown  that  the  lower  400  or  500  feet  of 
the  sections  near  Bear  River  City  is  of  jQraGBic  afire.  In  the  ■ 
more  northern  areas  bede  of  much  greater  thickness — notle« 
than  3000  feet — of  similar  lithologie  character  and  holding  the 
same  position  relative  to  the  overlying  formations  are  believed 
to  be  of  the  same  age,  althongh  no  fossils  were  found  in  them. 
These  beds  rest  conformably  on  easily  recognizable  ealcareons 
shales  and  limestones  from  which  Pentacrinus  asteriacui  and 
other  characteristic  Jurassic  fossils  have  been  obtained. 

Above  these  beds  comes  a  considerable  thickness  of  con- 
glomerates, coarse  sandstones  and  shales  separated  from  the 
preceding  by  great  differences  in  the  character  of  the  sedi- 
ments, and  closely  associated  with  the  Bear  River  formation 
throughout  the  entire  region,  though  at  a  few  localities  they 
are  not  exposed.  The  conglomerate  at  the  base  is  a  ve^ 
irregular  deposit,  varying  within  short  distances  from  a  brown 
or  gray  cross-bedded  sandstone  to  a  conglomerate  composed  of 
pebbles  two  inches  or  more  in  diameter.  The  general  charac- 
ter, however,  remains  constant  and  the  bed  is  easily  recognized. 
In  the  sections  I  have  called  this  formation  the  Dakotai!  and 
have  assigned  to  it  in  each  case  all  the  non-fossiliferons  beds 
above  the  base  of  the  conglomerate  and  below  the  recognized 
Bear  River  beds.  It  is  evident  that  a  portion  if  not  all  of 
the  strata  in  these  sections  between  the  Jurassic  and  the  Colo- 
rado Cretaceous  must  be  the  equivalent  of  the  Dakota  fonni- 
tion,  but  the  division  here  made  is  simply  one  of  convenience. 

Of  the  3000  to  3500  feet  of  strata  assigned  to  the  Beu 
River  formation  at  the  more  northern  localities  at  least  2500 
feet  contain  identilied  fossils  characteristic  of  the  formation. 
The  900  feet  at  the  base  is  not  usually  fossiliferous  but  it  eon- 
tains  nutlets  of  Cham  and  smalt  Crasteropods  indicating  that 
it  is  of  fresh-water  origin,  and  there  seems  to  be  no  reason  for 
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en  Hilliard  and  Rear  Kiver  City  should  be  referred  to  it 
it  may  occor  in  the  upper  portion  of  Oyster  Kidge  and 
t  of  that  ridge  near  Hanrs  Fork. 

'he  true  Laramie  does  not  occur  in  the  region  under  discus- 
I,  unless  the  coal-bearing  series  north  of  Evanston  and  its 
ivalent  west  of  Ham's  Fork  belong  to  that  formation.  It 
already  been  stated  that  the  Evanston  coal  should  probably 
•ef erred  to  the  Wasatch. 

Corroborative  Facte. — (1)  The  reports  of  Dr.  A.  C.  Peale  and 
f.  O.  H.  St.  John*  show  that  this  formation  extends  north- 
d  beyond  Snake  River  to  latitude  43°  45'  and  covers  con- 
irable  areas.  Both  these  geologists  state  in  their  reports 
;  they  did  not  find  Cretaceous  fossils  beneath  the  Laramie, 
',  is,  the  Bear  Kiver  formation.  At  the  few  localities  where 
f  found  undoubted  marine  Cretaceous  its  stratigraphic  rela- 
L  to  the  "  Laramie"  was  not  determined. 
I)  Prof.  St.  John  found  it  impracticable  to  separate  the 
t-Jurassic  formations  of  his  district,  and  he  frequently 
iks  of  the  Laramie,  meaning  the  Bear  Kiver  strata,  as  con- 
nable  with  the  Jurassic. 

V\  In  the  Smith's  Fork  region  Dr.  Peale  mapped  a  narrow  . 
a  between  the  Jurassic  and  the  "  Laramie  "  as  Cretaceous, 
)ie  did  this  only  because,  there  is  a  considerable  thickness 
lon-fossiliferous  beds  (the  "  Jurassic  "  ?  of  my  sections)  over- 
ly the  recognized  Jurassic  and  beneath  the  Bear  Kiver  for- 
ion  which  was  then  regarded  as  Laramie, 
t)  The  fauna  of  the  Bear  River  formation  is  unioue.  Of 
more  than  thirty  species  now  known  in  it  not  one  nas  been 
nd  in  the  true  Laramie  nor  in  any  of  the  other  fresh-water 
nations  of  the  West 

^hese  facets  were  all  perplexing  as  long  as  the  Bear  River 
nation  was  placed  at  the  top  of  the  Cretaceous,  or  in  the 
tiary,  but  they  become  signifacant  and  are  much  more  easily 
lained  when  it  is  known  that  its  true  position  is  near  the 
e  of  the  upper  Cretaceous  and  separated  from  the  Laramie 
several  thousand  feet  of  marine  strata, 
n  conclusion  it  should  be  stated  that  my  grateful  acknowl- 
^ments  are  due  to  Dr.  C.  A.  White  whose  previous  investi- 
ions  had  led  him  to  believe  that  the  Bear  Kiver  formation 
)lder  than  the  Laramie.  He  accompanied  me  to  the  typical 
alities  and  identified  for  me  the  various  points  mentioned  in 
jvious  reports.  His  suggestions  and  advice  have  also  aided 
greatly  in  the  preparation  of  this  paper. 

llth  Ann  Rept  U.  S.  Geol.  Sur.  Terr.,  pp.  363,  etc. :  12t}i  Ann.  Kept.  Ft.  1, 
88,  etc. ;  see  also  sections  on  platCH  4,  7  and  9  and  the  maps  accompanying 
latter  report 
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Art.  XV, — The  Iron   Orea  of  the  Marquette  District  <^ 
Michigan  ;  by  C.  K.  Van  Hise. 

Before  considering  the  subject  of  this  article,  it  is  well  to 
recall  tlic  general  views  held  by  the  late  Prof.  Irving  as  to  the 
Lake  Siiiwrior  ore-bearing  formations,  and  those  of  the  writer 
as  Ui  the  ]x>sition  and  genesis  of  the  ores  of  the  Penokee  dis- 
trict. Prof.  Irving  maintained  that  the  ores,  jaspers  and 
associated  rocks  are  derived  directly  or  indirectly  by  the  altera- 
tion  and  silieification  of  an  original  lean  iron-bearing  carbo- 
nate* A  detailed  study  of  the  Penokee-Gocebic  district  led 
the  writer  to  the  following  eonclasions  :f  Iirst,  the  oripnil 
rock  of  the  iron-bearing  formation  was  a  lean  cherty  carbooate 
of  iron,  magnesinni  and  calcium ;  second,  the  various  pbawi 
of  rock  now  found  in  this  formation,  such  as  chert,  jasper, 
magnctite-actinolite  schists  and  ore-bodies,  are  all  produced 
from  this  original  carbonate  by  various  alterations,  the  pro- 
cesses involved  in  which  arc  described  in  detail ;  third,  the 
ore  deposits  occur  in  bodies  which  all  reach  the  surface  of  the 
earth,  which  have  a  longitudinal  pitch  and  are  roughly  tri- 
angular in  cross-section.  One  or  the  lower  sides  of  each 
triangle  is  bounded  by  an  impervious  dike-rock,  the  other  bj 
an  impervious  slate-formation ;  fourth,  the  ores  in  their  present 
positions  are  concentrates  produced  by  downward  percolating 
waters  which  carried  iron  carbonate  to  the  apices  of  the 
troughs,  wliere  it  was  precipitated  by  oxygen  brought  bj 
waters  coming  more  directly  from  the  surface.  At  the  same 
time  silica  was  removed. 

At  the  close  of  the  description  of  the  Penokee  oreB^atten- 
tion  was  calltid  tu  the  f;ict  that  in  certain  respects  tlio  occar- 
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In  much  of  the  field  work  upon  which  this  article  is  based, 
[  was  in  company  with  Prof.  Kaphael  Pumpelly.  The  com- 
mon conclasions  reached  at  this  time  are  consequent  upon  our 
oint  observations.  To  Mr.  James  R.  Thompson,  Mining 
Sngineer  of  the  Lake  Superior  mine,  I  am  indebted  for  de- 
ailed  observations  upon  the  forms  and  relations,  and  for  plats 
if  naany  of  the  ore-deposits  of  the  Ishpeming-Negaunee  area. 
?Toxn  tnese  plats  several  of  the  figiires  are  taken. 

T'hoo  ore-bearing  formations. — The  ore-deposits  of  the  Mar- 
quette district  occur  in  two  formations.  It  has  been  recently 
ecognized  that  these  formations  belong  to  different  series, 
eparated  by  a  great  unconformitv,  and  therefore  that  one  of 
he  two  is  much  older  than  the  other.*  The  superior  of  these 
3  here  c"\lled  the  Upper  Marquette  series,  the  inferior  the 
jower  Marquette  series.  The  known  ore-deposits  in  the  upper 
eries  are  much  less  important  than  fhose  in  the  lower,  and 
mlesB  expressly  stated  the  Lower  Marquette  series  is  always 
ef erred  to.f 

Character  of  Lower  Marquette  or e-iearing  formation. — The 
»re-deposits  of  the  Lower  Marquette  series  all  occur  in  or  are 
uB80ciated  with  a  single  formation,  known  as  the  ore-bearing 
:ormation. 

The  non-fragmental  character  of  the  quartz  and  partly  indi- 
ridnalized  silica  associated  with  the  ore-bearing  formations  of 
;he  Lake  Superior  region  has  been  insisted  upon  in  papers 
ilready  published.      The  part  of  the  Marquette  iron-bearing 
Formation  containing  the  majority  of  the  ore-bodies  consists 
aornially  of   bands  of    nearly  pure  silica,   alternating  with 
bands  composed  chiefly  of  oxides  of  iron,  although  frequently 
bearing  more  or  less  silica.     The  alternating  layers  are  gene- 
rally not  more  than  an  inch  in  thickness  and  are  more  fre- 
anently  in  the  neighborhood  of  half  an  inch.     A  single  layer, 
\  followed  for  some  distance,  is  usually  found  to  gradually 
narrow  and  die  out  or  to  have  a  rounded  oval  termination. 
Sometimes  the  belts  of  quartz  are  so  short  as  to  be  no  more 
than  tolerably  long  ovals.     When  the  quartz  is  free  from  oxide 
of  iron  it  has  a  white  color  and  is  usually  called  chert,  although 
the  microscope  shows  that  the  silica  is  wholly  individualized. 
When  the  exteriors  of  the  quartz  granules  are  stained  with 
bematite,  or  particles  of  hematite  are  included  within  them, 
^ving  the  siliceous  bands  a  red  color,  the  material  is  called 
jasper.    It  is  a  general  rule  that  near  the  top  of  the  forma- 

*Aii  Attempt  to  harmonize  some  apparently  conflicting  Views  of  Lake  Sii- 
■  Perior Stratijcraphy,  C.  R.  Van  Hise:  this  Journal,  III,  xli,  pp.  117-137,  1801. 

tPor  the  equivalents  of  the  Upper  and  Lower  Marquette  series  in  other  parts 
of  tile  Lake  Superior  region,  see  paper  cited. 

Am.  Jour.  Soi. — Thiud  Sbbies,  Vol.  XLIII,  No.  254.— February,*  1892. 
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tiou  the  silica  is  all  or  nearly  all  jasperized.  In  paEeing  to 
lower  Iiorizons  less  and  less  of  it  is  jasperized,  until  in  tLe 
lower  parts  of  the  formation  the  siliceous  bands  are  white. 
In  the  cases  in  which  the  fasperization  is  incomplete,  it  nsoallT 
affectfl  the  ogter  parts  of  the  hands  and  progresses  inwird 
frequently  all  staees  may  be  seen  between  completely  jasper- 
ized  bands  and  those  in  which  the  jasperization  has  b^Etnn  to 
affect  only  an  outer  film  of  the  layers.  It  sometimes  happeni 
that  above  a  band  of  paint-rock  or  soap-rock  the  silica  is  alfju' 
perized,  while  below  it  is  the  white  chert.  It  follows  from  the 
foregoing  that  we  have  associated  with  many  of  the  ore-bodies, 
either  banded  ore  and  chert  or  banded  ore  and  jasper. 

The  remaining  important  variety  of  rock  associated  with 
the  ore  is  magnetite-actinolite  schist.  Where  magnetite  istlie 
prominent  oxide  of  iron,  actinolite  or  griinerite*  is  alioott 
always  present.  In  this  phase  of  material  the  iron  is  mainlj 
concentrated  into  layers,  giving  the  rock  a  banded  appearanee 
the  same  as  with  the  ferruginous  cherts  and  jaspers. 

^cent  study  has  shown  that  iron  carbonate  is  also  an  im- 

rrtaot  constituent  of  the  ore-bearing  formation.  Messrs.  W. 
Bayley  and  W.  N,  Merriam  have  most  frequently  fooiid 
this  material  at  places  where  the  formation  dips  nnder  a  green- 
stone. In  one  case  iron  carbonate  occurs  abundantly  m  the 
deeper  workings  of  a  mine.  Transitions  are  seen  between  the 
unaltered  carbonate  and  those  phases  of  the  formation  in 
which  the  carbonate  is  partly  or  wholly  oxidized  to  limonite, 
hematite  or  magnetite. 

It  is  believed  that  the  cherty  carbonate  of  iron,  as  first  advo- 
cated by  Irving,  is  the  original  source  of  the  varions  forms  of 
ferruginous  rocks  occurring  in  the  ore-bearing  formation. 
However,  it  is  not  thfc  purpose  of  the  present  paper  to  con- 
sider in  detail  the  processes  by  which  the  many  kinds  of  rocb 
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is  almost  encircled  by  a  series  of  mines,  which  lie  contiguous 
to  the  outer  border  or  in  the  valleys  between  outlying  blufib. 
In  many  cases  the  greenstone  in  nearing  the  ore  formation 
grades  into  a  laminated  rock,  which  has  undergone  profound 
alteration  as  a  result  of  leaching  and  shearing.  Thus  changed, 
it  is  known  as  soap-rock,  or  when  stained  with  iron  oxide,  as 
paint-rock.  Numerous  sections  and  diamond  drill  holes  have 
80  frequently  shown  all  gradations  between  the  massive  diorite 
and  the  schistose  soapstone  and  paint  rocks  as  to  leave  no 
doubt  whatever  of  their  actual  continuity.  Beside  the  large 
masses  of  greenstone  within  or  associated  with  the  iron-bearing 
formation  are  namerous  dikes  of  the  same  material.  These 
sometimes  run  nearly  parallel  to  the  lamination  of  the  ore- 
formation,  but  more  frequently  cut  across  it  at  a  greater  or 
lesser  angle.  These  dikes  are  usually  altered  throughout,  so 
that  in  general  they  have  not  been  recognized  •  as  intrusive 
rocks.  Like  the  altered  parts  of  the  greenstone  bosses,  they 
are  called  soap-rock  or  paint-rock.  That  they  are  really  igneous 
is  shown  by  their  structural  relations,  and  by  the  fact  that 
occasionally  they  are  traced  to  and  found  to  be  offshoots  from 
the  larger  masses  of  greenstone.  These  soapstones,  as  indi- 
cated by  their  name,  nave  a  greasy  feel,  are  very  soft,  have 
frequently  a  mottled  gray  and  white  color,  although  often  they 
are  deeply  stained  with  red  oxide  of  iron.  In  chemical  and 
mineral  composition  these  soapstones  differ  greatly  from  the 
original  diabases.  They  have  lost  nearly  all  of  their  alkalies 
and  very  often  are  now  largely  a  hydrated  silicate  of  mag- 
nesium and  aluminium. 

The  formation  overlying  the  ore-deposits  belongs  to  the 
Upper  Marquette  series  and  is,  as  has  been  said,  a  quartzite- 
conglomerate,  the  material  of  which  is  very  largely  derived 
from  the  immediately  subjacent  formation.  The  heavily  con- 
glomeratic part  in  «ome  cases  is  but  a  few  feet  in  thickness,  in 
others  is  hundreds  of  feet  thick.  The  detritus  of  the  quartzite- 
conglomerate  is  nearly  like  the  material  of  the  underlying 
formation,  except  that  within  the  former  no  large  fragments  of 
pure  ore  have  been  observed.  This  conglomerate  suggests 
that  the  ore  formation  was  in  approximately  its  present  condi- 
tion before  the  deposition  of  the  Upper  Marquette  series. 

General  structure  of  district. — Before  dealing  with  the  ore- 
deposits  it  is  necessary  to  speak  of  the  general  structure  of  the 
Marquette  district.  This  can  best  be  appreciated  by  examin- 
ing Brooks'  geological  map.*  The  Republic  tongue  is  a  sim- 
ple synclinal,  the  sides  of  which  are  nearly  vertical,  showing 
that  the  formation  has  been  sharply  folded  upon  itself.     The 

•  Atlas  accompanjiiig  the  Geology  of  Michigan,  1*1.  3. 
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Bouthwest  end  of  this  trough,  where  the  Republic  mine  is 
located,  h&Ei  a  pitch  to  the  northwest  of  40°  or  60°.  At  the 
west  end  of  the  Marquette  diBtrict  proper  the  mines,  each  u 
the  Michigamme,  Spurr,  Champion,  etc.,  are  upon  the  sides  of 
a  great  synclinal,  whicli,  however,  is  probably  a  synclinorinm. 
In  the  great  mining  center  of  T.  47  K.,  R.  27  W.,  already 
referred  to,  where  are  the  towns  of  lahpeming  and  N^annee, 
the  formation  has  been  folded  into  a  series  of  rolls,  which  hsve 
variable  pitclies,  as  a  consequeDce  of  which  there  are  here 
several  iron  ranges  approximately  parallel.  The  mines,  as  in 
the  more  simply  folded  part  of  the  distiict,  are  frequently  tl 
the  sides  of  the  synclinals,  which,  as  already  said,  are  gene- 
rally flanked  by  diorite  ridges.  Whether  the  upwellineof  the 
ernptives  was  the  cause  of  the  folding,  or  whetner  as  the  fold- 
ing occurred  fracture  took  place  in  tiie  brittle  ore-formation  of 
which  the  intruding  rock  took  advantage,  it  is  yet  too  early  to 
discuss. 

Classification  of  Lower  Marquette  oredeposiU. — The  known 
ore-bodica,  with  reference  to  their  position,  may  be  divided 
into  the  following  classes :  (1)  deposits  at  the  contact  of  the 
qnartzite-conglomerate  and  the  ore-bearing  f ormatiou ;  (2) 
aeposits  restmg  upon  soaprock  which  grades  into  massive 
diorite;  (3)  deposits  resting  upon  dikes  of  soap-rock  which 
follow  along  or  cut  across  the  ore-bearing  formation;  (4)  de- 
posits interbedded  in  the  jasper  or  chert.  (See  fig.  1,  p.  123, 
generalized  section  of  ore-formation  in  which  ore  in  its  more 
important  relations  is  represented  by  cross- hatching.) 

(i.)  Deposits  at  the  contact  of  the  qitartzite-confflomerate 
and  the  ore-bearing  formation. — The  ores  occupying  this  posi- 
tion are  generally  hard  and  either  specular  or  magnetic.  It  ii 
to  he  rememViered  that  the  adjacent  rock  of  the  underlyinc 
ore-bearing  formation  is  usually  banded  ore  and  jasper,  althont 
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Of  conrse  the  entire  contact  horizon  of  the  qaartzite  and 
are  formation  is  not  occupied  by  ore-bodies  as  represented  in 
the  generalized  figure.  The  deposits  occur  at  places  along  the 
contact  where  sharp  subordinate  folding  has  occurred,  or 
where  the  jasper  formation  is  broken  by  cross  joints,  or  where 
a  soapstone  dike  cuts  the  contact  plane  forming  a  trough  ;  or, 
finally,  by  a  combination  of  two  or  more  of  these  phenomena. 
The  last  is  well  illustrated  by  the  position  of  the  great  deposit 
of  the  Republic,  which  is  at  the  southeast  corner  of  the  horse- 
shoe, where  the  curve,  instead  of  being  gentle,  is  abrupt,  caus- 
ing the  jasper  formation  to  become  sharply  plicated  and  often 
fractared  (fig.  8),  and  where  there  are  numerous  dikes  of 
soap-rock  which  usually  form  one  of  the  boundaries  of  the 
ore-deposits.  The  mining  engineer  remarked  that  the  ore- 
deposits  cannot  live  long  when  they  become  separated  from  the 
soapstone.  Upon  the  east  side  of  the  Kepublic  horse-shoe  the 
ore-bodies  are  in  chimney-like  forms  which  often  continue  for 
a  considerable  depth  and  which  are  often  usually  rather  sharply 
separated  from  tne  banded  ore  and  jasper  adjacent.  (Fig.  4). 
However,  here,  as  at  the  great  deposits,  the  boundaries  are 
generally  found  at  fractures  or  flexures. 

A  detailed  examination  was  made  of  the  manner  in  which 
the  change  occurs  between  the  jasper  and  the  ore.  While,  as 
remarked,  the  ore  often  terminates  somewhat  abruptly,  it  also 
frequently  grades  into  the  jasper.  In  following  a  jasper  band 
toward  the  ore  it  was  found  that  instead  of  remaining  solid  it 
becomes  porous  and  frequently  contains  considerable  cavities. 
These  spaces  in  the  transition  zone  are  lined  with  crystalline  ore. 
In  passing  on  toward  the  ore-deposit  more  and  more  of  the  silica 
is  found  to  have  been  removed  and  the  ore  has  replaced  it  to  a 
corresponding  degree.  An  examination  at  many  localities  led 
to  the  conclusion  that  the  transition  from  the  banded  ore  and 
jasper  to  the  ore  takes  place  as  a  consequence  of  the  removal 
of  silica  and  the  substitution  of  iron  oxide.  Often  in  these 
cases  the  fine-grained  part  of  the  ore  is  that  of  tl\e  original 
rock,  while  the  coarser  material  is  the  secondary  infiltration. 

The  above  details  as  to  the  occurrence  of  the  hard  ore  at 
Republic  are  typical  of  this  class  in  the  remainder  of  the  dis- 
trict. In  the  Ishpeming-Negaunee  area,  for  instance,  the  ore 
often  terminates  along  a  slip  or  joint  crack.  Also  the  ore- 
bodies  are  likely  to  be  found  where  the  folding  or  crushing  of 
the  jasper  has  been  severe,  and  especially  where  these  phe- 
nomena are  accompanied  by  soap-rock. 

The  ore-bodies  between  the  ore  formation  and  overlying 
qaartzite  are  not  always  wholly  in  the  jasper,  but  often  extend 
upward  to  a  greater  or  less  degree  into  the  quartzite-conglom- 
erate,  and   some  deposits   wholly  occupy  the  horizon  of   the 
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recomposed  rocks.  It  is  reasonable  to  eappose  that  a  thin 
stratum  of  the  conglomerate  overljing  the  richer  part  of  the 
iron-bearing  formation  may  have  been  nearly,  if  notqniteu 
heavy  in  its  iron  content  as  the  formation  from  which  it  wis 
derivccl.  In  these  cases  a  part  of  the  iron  of  the  ore-depoat 
at  least  is  a  direct  mechanical  detritus  and  differs  therefore  in 
ite  genesis  from  the  remainder  of  tlie  ores  ;  bnt  all  have  alike 
been  affected  by  a  Bceondiiry  concentration,  for  the  proce»  of 
replacement  has  affected  the  siliceous  detritas  in  the  samew^ 
that  it  has  the  laminated  jasper  in  the  original  formatioa. 
When  the  ore-bodies  partly  occupy  the  place  of  the  qaartrito- 
conglomerate  and  partly  that  of  the  ore-formation  proper,  m  t 
consequence  of  tbe  secondary  concentration,  these  two  iatttUr 
tions,  althoiigli  of  widely  different  geological  age,  have  beeo 
welded  together.     This  \6  well  sliown  at  tlie  Klouian  mina 

{2.)  Depositu  restinij  upon  Moap-rock  which  grades  into 
massive  dior'ite. — Here  arc  to  be  placed  many  of  the  depoat* 
of  soft  ore  and  some  of  the  hard  ores.  The  maeees  of  BOip- 
rock  may  follow  somewhat  closclv  tbe  lamination  of  the  ore- 
formation  or  tbcy  may  cut  across  it.  In  either  case  the  deposit 
follows  along  the  contact  plane,  tbe  impervions  soaprock 
always  being  below  tbe  iron  ore  and  above-it  the  fractured  and 
porous  jasiwr  or  chert  laee  tig.  1,  p.  123).  Not  infrequently  i 
mat^a  of  soap-rock  or  dioi-ite  forma  a  synclinal  trough  in  wliicb 
the  ore  body  rests,  when  tlie  maximum  thickness  of  the  ore  is 
likely  to  be  at  the  lower  part  of  the  synclinal  (tig  o).  Sometime* 
a  small  dike  of  BOa|)-rock  or  paint  rock  shoots  off  from  the  large 
body  an<l  cuts  int<»  tbo  ore  (fig.  0).  At  other  times  the  snap- 
rock  bulges  into  the  ore  as  tbougli  it  bad  been  bent  into  sharp 
corrugations.  Tbat  the  soai>atonu  upon  which  the  ores  rest, 
actually  grades  into  diorite  is  shown  by  many  drill  holes  at  the 
Lake  Superior  mine  and   very  clearly  at  the  Salisbnry  n 
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■erie)  to  anoclat«d  f onnittODg. 

FiQ.  S.  Dlagrain  showing  tendenur  of  an  ore-deposit  at  contact  of  I>iwor  nnd 
upper  Marquette  serlea,  to  send  olIstiooM  Into  the  Jasper  parallel  to  Its  lamlnatloD. 

Fio.  3.  Sharply  pllcsted  Jasper  (black  belts)  and  ore  I  white  areas),  ahowlntrshut- 
t«rlnK  of  the  Jasper  and  concentration  of  the  ore.  The  ore  Ib  pro  port  looail)'  srealer 
where  the  folding  has  been  the  sharpest.    Drawn  from  iihotOKraph. 

Yia.  t.  Horizontal  seotlon  of  oro-dcposlt  on  cast  side  of  Itepnbllc  horsc-slioe. 
Left  side  of  ore  bounded  by  a  cross-Joint ;  riKht  side  Is  boundrd  In  pnrt  by  a  sharp 
Ueiure  passing  Into  a  Joint  and  In  part  xrades  Into  the  lean  linnded  juepcr  and  ore. 


Fia.  S.  Another  section  of  the  same  deposit  shown  In  Fig.  5.  but  here  la  seen  ab 
oSshoot  of  soapstono  from  the  main  mass. 

Fio.  T,  The  ore  upon  left  side  rests  upon  aoapstone  gmdlng  into  dinrltc  and  Is 
not  at  the  contact  plane  of  the  Upper  and  Lower  Mar.|uette ;  ore  at  right  sicio  In 
»3l  this  contaot  plane  and  roata  upon  Jasper.  The  two  combined  have  a  synclinal 
■ppearaiioe. 

Fio.  S.  At  the  left  the  ore  rests  upon  the  gnapstane  grading  Into  dlorltc :  at  the 
rlKht  it  is  upon  one  ilde  of  a  dlke-n>ck.  The  dike  Is  an  olfshoot  of  the  diorlte.  At 
the  ooDtaot  of  tlie  two  a  troutrb  is  formed  Id  which  the  ore-body  becomi-s  of  large 
tbe.   Fi«*.i,a.8frommlDeplata  turnlslied  by  Mr,  Thomp«on. 


124  C.  R.  Van  liiee — Iron  Ore*  of  Michi^n. 

space  between  may  be  occnpied  bj  ore  When  a  dibe  ib  alone 
and  has  a  flat  dip  the  ore  ie  always  on  the  npper  side,  that  igin 
each  cases  the  dike  rock  is  always  the  fuot-wall  of  the  deposit. 
(See  fijr.  1.) 

A.  dike  carrying  ore  may  unite  with  a  large  mass  of  eoip- 
stone  varying  to  diorite,  which  also  carries  ore,  when  a  trougb 
will  be  formed  and  the  deposit  is  here  apt  to  become  large.  In 
this  case  we  have  a  union  of  tlie  second  and  third  classes  of 
deposits.  At  the  locality  shown  in  fig.  S  the  soap-rock  gradn 
into  dionte  and  dips  south  about  45°.  constitnting  the  miin 
foot-wall.  Standing  vertical  and  striking  20°  or  SO"  awij 
from  the  foot-wall  is  a  dike  of  paint-rock  or  soap-rock  cnttine 
across  the  formation.  Resting  upon  both  are  ore-deposits,  ana 
by  their  union  at  the  apex  of  a  trough  formed  by  the  joDCtion 
of  the  two  the  ore-body  is  of  large  size. 

(4-)  Deposits  interb'.dded  in  the  jasper  or  chert. — No  de- 
posits of  this  class  of  large  size  are  known,  for  nnless  below  ii 
a  soap-rock  (when  it  would  fall  into  a  previous  class)  no  imper- 
vious stratum  is  present  upon  which  tiie  ore  can  collect,  nnlea 
(and  this  does  not  often  occur)  a  layer  of  the  ore-bearing 
formation  itself  locally  loses  porosity. 

The  ore-deposits  secondary  cmicenf rations. — The  ore-bodia 
of  the  second,  third  and  fourth  classes,  that  is  all  that  Ii« 
wholly  within  the  ore-bearing  formation,  are  usually  soft,  am) 
they  may  occur  at  almost  any  horizon  within  the  iron-bearing 
formation.  Being  for  the  most  part  at  some  distance  from  the 
contact  between  the  cjuartzite-conglomerate  and  ore-formatioo 
they  are  commonly  within  the  ferruginous  chert  rather  than 
in  the  banded  ore  and  jasper. 

The  foregoing  descnptions  show  how  intimate  is  the  connec- 
tion between  tlie  ore-hodies  and  the  paint  or  soap  rocks.  Mr. 
Thompson  says  this  connection  has  become  so  evident  to  the 
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Brial  immediately  nnderlying  the  ore  is  relatively  im- 
rions  to  water.  In  the  cases  of  these  deposits  whicn  rest 
D  8oap-rock  this  lack  of  porosity  is  nearly  complete.  Many 
he  ore-bodies  are  in  troughs  in  the  Lower  Marquette  series, 
ire  nearly  all  in  the  Penokee  district.  The  ore-bodies  in 
1  in  longitudinal  section  have  a  pitch.  In  both  the  many 
ses  of  material  found  in  the  ore-bearing  formation  are 
rly  the  same,  and  in  both  is  found  plentiful  residual  iron 
>onate.  It  is  therefore  thought  that  the  explanation  of  the 
^in  of  the  ores  in  the  Penokee  district  is  applicable,  with 
modifications,  to  those  of  the  Marquette  district,  although 
larger  number  of  the  deposits  of  the  latter  belong  to  an 
5r  series. 

'he  forms,  attitudes  and  relations  of  the  ore- deposits  render 
ivident  that  they  are  not  eruptives.  No  eruptive  would  be 
nd  in  such  strange  shapes  and  relations.  It  is  equally  cer- 
I  that  these  irregular  masses  of  ore  are  not  produced 
3Ctly  by  sedimentation.  All  the  facts  b^ar  toward  the 
elusion  that  the  ore  is  a  secondary  concentration  produced 
the  action  of  downward  percolating  water.  When  the 
ts  are  examined  in  detail,  it  is  seen  that  the  ore-deposits 
or  at  places  where  circulating  waters  are  sure  to  be  concen- 
ted.  The  soap-rock  accommodates  itself  to  folding  without 
cture,  and  while  probably  allowing  more  or  less  water  to 
iS  through,  acts  as  a  practically  impervious  stratum  along 
ich  water  is  deflected  when  it  once  comes  in  contact  with  it. 
is  a  common  opinion  among  miners  that  a  few  inches  of 
»p-rock  is  more  effective  in  keeping  out  water  than  many 
it  of  the  iron-bearing  formation.  On  the  other  hand,  the 
ttle  siliceous  ore-bearing  formation  has  been  fractured  by 
5  folding  to  which  it  has  been  subjected  so  that  where  these 
)cesse8  have  been  extreme  water  passes  through  it  like  a 
ve.  That  the  tilted  bodies  of  diorite  or  soap-rock,  espe- 
lly  when  in  a  pitching  synclinal  or  forming  a  pitching 
Qgh  by  the  union  of  a  dike  and  a  mass  of  diorite,  must 
re  guided  downward -flowing  waters  is  self-evident.  The 
eh  common  to  other  deposits  is  also  evidence  in  these 
es  of  laterally  deflected  downward-moving  waters  and  indi- 
38  a  wholly  or  partly  impervious  substratum  even  when  its 
racter  has  not  yet  been  ascertained.  It  is  also  plain  that 
contact  plane  between  the  quartzite-conglomerate  and  the 
•bearing  formation,  that  is,  the  plane  of  unconformity  be- 
len  the  Upper  and  Lower  Marquette  series,  must  have  been 
reat  horizon  for  downward-flowing  waters. 
f  it  is  true  that  the  whole  of  the  iron-bearing  formation 
.  originally  a  lean  cherty  carbonate  of  iron,  with  perhaps 
te  calcium,  and  magnesium,  or  if  we  go  no  farther  back 
d  the  ferruginous  cherts  and  jaspers,  it  is  then  coucliid^d 
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that  in  order  to  produce  the  ore,  two  things  mnBthaveoccnrred: 
first,  the  concentration  of  iron  oxide  in  the  places  where  ire 
found  the  ore-bodies;  and  second,  the  removal  of  silica  f rota 
these  places. 

Time  at  which  ro)}cet)tration  occurred. — The  final  coneeo- 
tratioii  of  the  Ix>wer  Marquette  ores  occurring  at  the  contact 
of  the  Upper  and  Lower  Marquette  series  must  have  takeo 
place  later  than  Upper  Marquette  time.  This  is  indicated  br 
the  fact  that  while  these  ores  are  so  frequently  found  at  tM 
contact  plane  the  f ragnienls  of  the  overlying  conglomerate  m 
almost  wholly  of  the  lean  chert  or  jusper,  or  magnetite-actino- 
lite  Bcliist,  and  include  few  of  the  rich  hard  ore.  which  if 
present  ought  to  have  yielded  fragments.  This  not  only  sbowi 
that  the  final  concentration  had  not  occurred,  but  that  the 
cherty  carl)onate  (if  the  afeuniptiou  he  correct  that  the  ore- 
formation  was  originally  of  this  material)  at  the  snrface  hid 
been  decomposed  before  Upper  Marquette  tima  Theee  con- 
glomerates therefore  give  us  an  indication  of  the  earlv  clnr 
acter  of  a  part  of  the  ore-bearing  formation  from  which  the 
ore-bodies  were  later  derived.  The  position  of  these  ore- 
bodies  at  the  contact  plane  of  the  Upper  and  Lower  Mar- 
quette series  is  also  evidence  that  they  have  been  here  uon- 
ccntrated  aul)^eqi)ent  to  Upper  Marquette  time;  for  it  is 
exceedingly  improbable  that  erosion  so  generally  stopped  at> 
horizon  rich  in  ore,  a  material  which  is  softer  than  jasper  and 
would  therefore  be  more  rapidly  cut  out.  Further,  this  con- 
tact is  not  at  a  certain  plane  of  the  ore-bearing  formation,  but 
here  is  at  a  higher  horizon  and  there  at  a  lower  one.  liearin^ 
in  the  same  direction,  althongh  perhapp  not  strongly,  is  the 
occasional  welding  of  the  quart zite-conglomerate  and  ore-bear- 
ing formation  already  mentioned. 

The  relations  of  the  ore-bodies  within  the  ore-formation  to 
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ron-bearing  formation  of  the  Lower  Marqaette  series 
i  decompose  the  iron  carbonates  with  which  they  came  in 
ct  and  thus  become  carbonated.  Tliese  carbonated  waters 
1  then  be  capable  of  taking  other  iron  carbonate  into  soln- 
What  proportion  of  the  original  iron  carbonate  still  re- 
ed in  the  ore-bearing  formation  at  the  beginning  of  concen- 
»n  is  uncertain,  but  since  it  is  still  found  m  places  sheltered 
percolating  waters,  such  as  the  deeper  workings  of  one  of 
lines  and  under  diorite  masses,  it  is  probable  that  the  quan- 
iras  very  considerable.  The  oxides  or  carbonates  of  iron 
ilso  have  been  taken  into  solution  by  organic  acids.  These 
ward-moving  waters  would  pass  through  the  iron-bearing 
ition  until  they  came  in  contact  with  an  inrpervious 
ance  or  else,  if  passing  through  the  Upper  Marquette 
1,  they  reached  the  contact  plane  between  the  two  series 

which  they  would  travel.  It  is  possible  that  the  ore 
1  formed  along  the  contact  horizon  was  contributed  in 
by  the  ferruginous  materials  of  the  Upper  Marquette 
,  although  it  is  probable  that  the  greater  part  of  the  ore 
found  came  from  material  of  the  ore-bearing  formation 
removed  by  erosion.    After  the  ore-bearing  formation  had 

leached  for  a  long  time,  it  became  as  it  is  now  found, 
porous  along  the  soap- rock  and  along  the  contact  plane  of 
Upper  and  Lower  Marquette  series.  Here  would  be 
id  other  oxygen-bearing  waters  more  directly  from  the 
3e.  The  union  of  these  two  currents  would  precipitate 
ron  oxide.  The  abundant  waters  traversing  these  ore- 
ag  localities  would  also  slowly  dissolve  the  silica.  That 
nterchange  actually  does  occur  is  known  of  the  localities 
lich  a  detailed  examination  has  been  made,  as  for  instance 
public.     It  is  probable  that  in  the  ore-deposits  associated 

the  soap-rocks  the  removal  of  silica  is  due  in  part  to 
Originally  diabases,  they  must  have  contained  alkalies, 

analyses  of  them  show  at  present  an  almost  entire  ab- 

of  tliese  elements.     The  alkaline  waters  produced  by 

alteration  would  thus  furnish  a  menstruum  capable  of 
y  the  silica  into  solution.  This  desilicification  of  the  iron- 
ig  formation  by  alkaline  waters  was  many  years  ago  sug- 
1  by  Brooks,*  for  a  part  of  the  Marquette  district.  Ro- 
3rf  not  only  made  the  same  suggestion  in  reference  to  the 
on  mine,  but  further  held  that  the  siliceous  matter  re- 
d,  was  replaced  by  oxide  of  iron  carried  by  water  solutions. 
B  percolating  waters  which  carried  material  along  the 
»t  paths  to  form  the  ore-bodies,  and  which  removed  the 

also  helped  to  jasperize  the  ore  bearing  formation,  i.  e. 
Eir^d  the  white  silica  with  oxide  of  iron  and  thus  red- 
l  it,  although  it  cannot  yet  be  certainly  stated  to  what 

>1.  of  MichJgsD,  vol  i,  p.  J3i.  f  Geol.  of  Michigan,  to\.  W,  ^.  *\^. 
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degree  this  process  had  already  gone  before  Upf»er  Marqnette 
time.  Whatever  the  tnne  at  which  the  work  was  doDe,  tbe 
proccBs  Beeme  to  have  been  aB  follows :  The  upper  part  of  tlie 
ore  forniation  was  traversed  bv  sohitionB  more  extensively  tbin 
the  deeper  lying  portions.  It  natni-ally  followB  that  the  fer- 
ruginous material  was  in  part  deposited  about  and  tbrongh  tiie 
minnte  particles  of  silica,  reddening  them  and  changing  tbe 
material  from  white  chert  to  red  jasper.  In  some  places  tlii* 
jaspcrization  has  extended  deeper  than  in  others  and,  as  alreidj 
said,  it  sometimeB  abruptly  stops  at  an  impervioas  mass  of 
BOaprock.  Prof.  Pnnipelly  suggests  that  before  the  sewndu^ 
concentration  which  formed  the  ore-bodies,  the  bands  of  siliei 
of  the  ore-formation  were  white  and  perhaps  in  a  partlj 
amorphous  condition;  that  at  the  time  of  this  concentratiou i 
partial  recrystallization  of  the  silica  occurred,  affording  u 
opportunity  for  the  fcrruginouE  impregnation  so  characteristie 
of  the  jaspers,  A  microscopical  examination  shows  that  while 
most  of  till;  silica  of  the  entire  formation  isnowindividnaliieil, 
much  of  the  iron  oxide  of  the  jaspers  is  concentrated  abont 
the  particles  of  quartz,  and  that  numerous  minnte  flecks  iIh 
occur  within  their  interiors,  thus  giving  8Upi>ort  to  Prof. 
Pumpelly's  suggestion. 

One  or  two  questions  remain  to  be  considered:  First,  whj 
the  ore  is  so  frequently  hard  and  specular  along  tbe  contact 
horizon  or  in  the  jasper  and  is  usually  soft  within  the  ferrop- 
nous  chert.  Second,  why  the  magnetites  when  present  oceor 
at  tbe  contact  horizon. 

An  examination  of  the  jasper  associated  with  the  hard  ore^ 
shows  that  crystallized  hematite  and  magnetite  often  occur  in 
cavities  formed  by  the  removal  of  the  siljca.  In  such  geodal 
cavities  these  materials  have  been  deposited  in  a  granular  crys- 
talline condition.      In  the    continuation   of    the   process  the 


C.  B.  Van  Hise — Iron  Ores  of  Michigan.  129 

7  the  micaceous  ore  from  the  large  deposits,  as  first  sug- 

by  Prof.  Pumpelly,  rives  the  same  evidence  of  shearing. 

it  is  remembered  that  in  the  folding  of  thick  forma- 
iccommodations  and  re-adjustments  must  occur,  it  is  nat- 
>  suppose  that  this  re-adjustment  has  more  largely  taken 
ait  the  contact  between  the  Upper  and  Lower  Marquette 
than  at  any  other  one  horizon,  for  this  is  emphatically 
ane  of  weakness.  Thus  would  be  explained  the  finely 
ited  micaceous  variety  of  ore.  It  is  not  impossible  that 
at  and  pressure  caused  by  the  shearing  along  the  contact 
would  be  sufficient  to  change  soft  ore  into  micaceous 
ite,  but  to  the  writer  it  appears  more  probable  that  these 
^present  sheared  specular  hematite  and  magnetite.  Since 
lal  concentrations  of  the  ores  occurred  during  and  subse- 

to  the  folding  of  the  series,  it  is  necessary  to  believe 
his  shearing  was  a  contemporaneous  process,  or  else  that 
\t  occurred  residual  silica  was  replaced  by  iron  oxide  and 
his  metasomatic  change  did  not  affect  the  prior  lamina- 
>f  the  original  ore.  Doubtless  both  explanations  are 
able  in  varying  degrees  at  different  places, 
it  it  is  easy  to  reduce  hematite  to  magnetite  is  well 
1,  and  it  is  probable  that  the  production  of  the  granular 
ated  variety  of  this  ore  is  due  to  the  reducing  character 
ne  of  the  solutions  which  have  passed  down  along  the 
contact  plane  of  percolation  where  the  magnetites  are 
jively  found.  This  reducing  power  could  readily  be 
ted  by  organic  acids.  That  some  kind  of  reducing  agent 
jen  present  is  indicated  by  the  veins  of  pyrite  which  are 
jntly  associated  with  the  magnetic  ores. 
B  supposed  that  the  magnetite  of  the  magnetite-actinolite 
I  is  due  to  the  direct  oxidation  of  an  original  carbonate  of 

This  is  known  to  be  true  of  the  Penokee  and  Animikie 
3tites  and  also  of  the  magnetite  of  the  Lower  Marquette 
in  the  deeper  workings  of  one  of  the  minea  When  iron 
late  is  decomposed  in  the  presence  of  an  excess  of  oxy- 
le  sesquioxide  is  of  course  lormed  ;  but  if  it  is  supposed 
n  insufficient  amount  of  oxygen  was  present,  as  is  quite 
ble,  from  three  molecules  of  iron  carbonate  would  be 
ced  one  molecule  of  magnetite  and  three  of  carbon  diox- 
•  only  a  single  atom  of  oxygen  was  available. 
?*  of  the  Upper  Marquette  series, — The  ore-deposits  of 
pper  Marquette  series,  so  far  as  studied,  sliow  that  the 
al  material  was  an  iron  carbonate  and  tliat  tlie  ores  are 
iary  concentrates  resting  upon  impervious  formations. 
times  this  impervious  formation  is  a  black  slate  ;  at  other 
it  is  an  intrusive  basic  eruptive;  and  at  still  others  it  is 
ace  volcanic.  As  a  consequence  of  folding,  or  by  the 
on  of  two  of  these  basal  formations,  and  of  concentra- 
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lions,  the  ores  occupy  troughs  or  the  sides  of  syncliuals.  Ttit 
the  ore  is  a  coacentrate  from  an  original  impure  iron-bearing 
carl«>nate  is  easily  shown.  Wholly  unaltered  carbonate,  often 
accompanied  by  organic  matter,  is  abundant,  and  all  stages  of 
the  change  into  the  soft  hcmatitea  and  limonites  of  the  Cpper 
Marquette  series  are  seen. 

Oren  of  oi/ier  districts. — In  the  Menominee  district  the  ores, 
as  in  the  Marquette  district,  occur  in  two  formations,  one  of 
which  belongs  to  the  Lower  Menominee,  correlated  with  tl» 
Lower  Marquette  series,  while  the  other  belongs  to  the  I-'ppM 
Menominee,  correlated  with  the  Upper  Marquette  series.  Tb« 
Upper  Menominee  is  more  important  as  an  ore-producer  ^UB 
the  Upper  Marquette.  A  detailed  study  has  been  made  of 
only  a  small  number  of  the  mines,  but  a  general  study  li» 
covered  nearly  the  entire  district.  So  far  as  work  has  gone, 
while  there  will  he  some  moditications  of  detail,  the  principlei 
have  been  found  thus  far  to  hold  that  the  ores  are  secondan 
concentrations  upon  impervious  formations,  and  are  particn- 
larly  likely  to  bo  of  large  size  when  these  are  folded  or  two 
combine  to  form  pitching  troughs.  Also,  as  in  the  Marquettt 
district,  the  basement  impervious  formations  are  often  igneom 
and  not  infrequently  are  surface  volcanics.  At  other  time*, 
and  especially  m  the  LTpper  Menominee  series,  the  imperviom 
stratum  is  a  detrital  slate.  As  typical  instances  of  the  Menom- 
inee mines  may  be  mentioned  the  following:  At  the  Anneoii 
the  ore-body  is  at  the  bottom  and  upon  the  sides  of  a  synelinil 
trough,  pitching  at  an  angle  of  about  45°.  Below  the  ore  is 
an  impervious  blat'k  slate.  At  the  Mansfield  mine  the  ore- 
body  nearly  vertical  laterally  but  pitching  longitudinally,  has 
impervious  slates  upon  each  side,  one  of  which  is  clearly  ' 
volcanic  rock.  The  ore  of  the  Hemlock  mine  rests  upon 
ious  stratum  consisting  of  surface  volcanic  material. 
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iiidarj  concentrates  which  usually  rest  upon  impervious  for- 
nations.* 

As  instances  among  the  mines  figured  bj  these  authors  may 
le  naentioned  the  following :  The  ore  of  the  Ely  mine  is  found 
let^w^een  impervious  schists,  the  layers  of  which  are  inclined. 
\t  the  Stone  mine  the  ore  in  its  upper  workings  is  in  two 
Mxlies,  each  of  which  rests  upon  green  schists.  In  its  deeper 
prorkings  these  are  found  to  come  together  and  make  a  solid 
1UUS8  of  ore.  The  ore  grades  above  into  the  jasper,  which  is 
like  a  great  horse  separating  the  upper  parts  of  the  deposit. 
[n  short,  the  relations  so  far  as  principles  are  concerned,  are 
mach  the  same  as  shown  in  figure  8,  taken  from  a  deposit  in 
the  Marquette  district.  At  tne  Chandler  mine  the  ore  has  its 
greatest  length  along  and  rests  upon  as  a  foot- wall,  a  great  mass 
of  greenstone.  The  upper  boundary  of  the  ore  is  irregular  and 
irrades  into  mixed  ore  and  jasper.  It  is  said  of  the  Ely  that 
Xh»  "  ore  is  quite  open  to  the  action  of  percolating  water,"  and 
that  the  material  shows  the  effects  of  crushing  and  folding. 
The  schists  associated  with  the  ores  in  the  Vermilion  district 
are  regarded  bv  the  Professors  Winchell  as  well  as  by  us  as  of 
igneoos  origin,  f 

The  facts  given  by  these  writers  then  seem  to  show  that  the 
ore  is  a  secondary  concentration,  instead  of  that  the  ^'  ore  and 
jasper"  are  "of  similar  and  contemporaneous  origin."  Indeed 
m  the  report  upon  the  Vermilion  ores,  published  soon  after 
returning  from  the  field,  Prof.  N.  H.  Winchell  held,  although 
this  position  was  later  abandoned,  that  the  iron  ores  are  later 
than  the  siliceous  jasper  and  probably  produced  by  metasom- 
atic  change. 

It  is  fully  recognized  that  the  explanation  above  given  for 
the  ores  of  the  Lake  Superior  districts  in  which  mining  is  now 
being  done,  is  not  wholly  if  at  all  applicable  to  the  titaniferous 
magnetites  of  northeastern  Minnesota  associated  with  the  great 
gabbro  flows  near  the  base  of  the  Keweenaw  series.  In  the 
interstices  of  these  magnetic  ores  are  olivine,  augite,  feldspar, 
and  often  secondary  quartz,  the  whole  having  a  completely 
crystalline  interlocking  structure ;  in  other  words,  they  are  no 
more  than  a  very  magnetic  gabbro.  Since  these  ores  occur  as 
basal  horizons  of  the  great  gabbro  flows,  it  has  always  seemed 
to  me  that  this  class  of  deposit  is  of  direct  igneous  origin.  In 
the  crystallization  of  basic  rocks,  magnetite  is  one  of  the  early 
minerals  to  separate,  and  in  the  immense  masses  of  gabbro, 
before  the  magma  has  solidified  the  crystals  of  magnetite  have 
slowly  settled  by  virtue  of  their  superior  specific  gravity  to  the 

•  Fifteenth  Ann.  Kept  Geol.  and  Nat  Hist  Survey  of  Minn,  for  the  year  1886, 
pp.  24,  25,  221,  235,  255.  Bulletin  No.  6,  Geol.  and  Nat  Hist  Survey  of  Minn.. 
pp.  63-67. 

f  Fifteenth  Ann.  Rep.  Minn.,  pp.  231,  245,  246;  Minn.  Survey  Bull,  vi,  pp.  64. 
B94,  398,  399. 
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base  of.  the  flow,  forming  thick  layers  of  niagnetit«.  The 
residual  magma  has  crystallized  as  the  interstitial  ininerala, 
and  thiiB  we  have  the  titaniferoiis  magnetites  of  the  gabbms, 
A  recent  petroKraphieal  study  by  Dr.  W.  S.  Bayley  has  shoum 
that  a  part  of  flie  magnetite  is  secondary.  Ae  these  ores  in 
associated  with  abundant  secondary  quartz  it  is  not  impoeeibie 
that  much  of  the  magnetite  has  been  brought  to  its  prcfient 
position  after  the  soliditication  of  the  rock. 

(xeneral. — It  is  evident  that  the  ores  of  the  Upper  MarqnetM 
series,  like  those  of  the  Lower,  were  concentrated  during  sud 
snbseqnent  to  the  folding  and  erosion  which  affected  both. 
Thus  while  the  ore  bearing  formation  of  the  Lower  Marquette 
scries  is  far  older  than  that  of  the  Upper  Marqnelte,  and  h»d 
undergone  great  changes  before  the  latter  was  deposited,  the 
local  concentration  of  the  iron  into  workable  deposits  occnrr«i 
simnltaneoosly  as  a  consequence  of  the  same  great  canwti 
This  statement  also  applies,  so  far  as  present  knowledge  goes, 
to  the  two  iron-bearing  series  of  the  Menominee  district.  The 
Penokee  series  is  equivalent  to  the  Upper  Marquette  and 
Upper  Menominee.  The  equivalency  of  the  Animikie  and 
the  Penokee  series  and  their  simultaneous  tilting  into  mono- 
clines on  opposite  sides  of  the  Lake  Superior  synclinal  has  been 
shown  in  another  place.*  It  is  also  ei)Own  that  this  tilting,  and 
consequently  the  concentration  of  the  ores,  occurred  snbse- 
quentfy  to  Keweenawan  time.  It  was  suggested  that  the  basic 
intnisives  of  the  Penokee  series  upon  which  the  ore-deposits 
rest  are  of  Keweenawan  age.  Is  it  not  probable  that  many  of 
the  basic  intrustves  of  like  character  in  the  Marquette  and 
Menominee  districts  are  products  of  the  same  period  ? 

It  appears  then  probable  that  the  local  concentration  of  the 
iron  ores  into  workable  bodies  did  not  generally  begin  before 
Upper  Huronian  time,  while  in   certain    districts    it    did 
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Abt.  XVI. — An  lUtMtration  of  the  Flexibility  of  Lime- 

stone;  by  Arthur  Winslow. 

The  adjoining  cut  illustrates  an  interesting  ease  of  the  flex- 
ing of  a  limestone  slab  nnder  moderate  stress,  applied  for  a 
long  time.  The  slab  is  of  white,  crystalline  limestone  or 
inferior  marble  and  is  one  of  a  namber  m  the  State  lot  of  the 
cemetery  of  JeflEerson  City,  Missouri.     Others  are  seen  there 


i^A 


nOiZ.         COGC   C-O. 


ir^ 


ri^4. 


Sketch  showing  deflection  of  a  limestone  slab,  due  to  its  weight.  Scale  1  inch 
=  2  feet  Stone  erected  to  memory  of  Tyrrel  P.  Bruton,  Cemetery,  JeflEerson 
City,  Mo. 

NOTSS. — ^The  dimensions  of  the  slab  are  6  ft.  x  3  ft.  x  2  in.  It  was  put  in 
place  in  the  year  1866.  The  measurements  were  made  August,  1890.  The  de- 
flections  are  expressed  in  inches. 

in  the  same  conditions,  though  the  flexing  in  these  has  not  pro- 
ceeded so  far.  It  is  probable  that,  in  the  one  illustrated,  the 
extreme  condition,  witnout  fracture,  has  already  been  reached, 
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if  it  is  not  pasaed,  as  h&ir-like  linee  of  incipient  fnctnrean 
already  observable  on  the  lower  side  of  the  elab,  near  its  cenler, 
mnning  transvereely  to  tlie  length.  The  slab  in  question  bat 
been  in  place  about  25  year?,  and  the  enpporting  comer  poets 
have  settled  in  such  a  way  that  the  bearing  of  the  slab  npoD 
them  is  generally  only  along  one  edge  or  along  a  part  of  one 
edge.  1%e  carefully  made  drawing  from  which  the  cnt  is 
prepared  shows  all  details  so  well  that  farther  description  tHI 
be  unnecessary. 

The  measuremente  for  this  drawing  were  made  by  the  vrito 
assisted  by  Mr.  A.  E.  Woodward,*  late  assistant  geologist  of 
the  Misaouri  Geolc^ical  Survey,  and  the  drawing  was  prepared 
by  the  latter.  The  deflections  were  determined  by  stretchingi 
fine  wire  tightly  across  the  block  from  edge  to  edge,  and  then 
meaeiiring  the  space  between  the  wire  and  the  slab  at  an; 
desired  point  with  the  aid  of  a  pair  of  dividers.  The  leogtli 
of  the  slab,  it  will  be  noticed,  is  6  ft.,  the  breadth  3  ft.,  and 
the  thickness  2  inches.  The  distance  lengthwise,  between 
supports,  is  about  4  ft.,  and  croBswise  between  1  and  2  ft  The 
sag  at  the  center  of  the  slab,  along  the  lines  A-B  and  C-D,  it 
nearly  1^  inches,  beneath  the  two  ends,  or  abont  3^  of  the  total 
length,  or  about  ^  of  the  distance  between  the  sopports. 
Assuming  the  curve  to  be  the  arc  of  a  circle,  the  radius  of  the 
circle  would  be  about  3T  ft. ;  or,  in  other  words,  a  long  slab  of 
such  marble  2  inches  thick,  could,  under  continued  stress  for  a 
period  of  twenty-tive  years,  be  bent  to  the  form  of  a  circle  less 
than  80  ft.  in  diameter. 

A  more  detailed  study  of  the  measurements  yields  other 
facts  of  interest.     Thus  an  extreme  sensitiveness  to  stress  is 


indicated  by  the  transverse  flexing  between  points  of  support 
close  together  ;  this  is  shown  by  the  sections  along  the  lines 
A-C  and  B-D.     Further,  it  will  he  noticed  that,   along  tbe 
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?r.  XVII. — The  Separation  of  Iron^  Manganese  and  CaJr 
uum  hy  the  Acetate  and  nromine  Methods ;   by  R.  B. 

SlOGS. 

Saying  in  hand  the  analysis  of  a  series  of  samples  contain- 
;  iron,  manganese  and  calcium  in  large  amounts,  it  seemed 
disable  to  test  the  two  analytical  methods  involved,  namely, 
i  separation  of  iron  from  manganese  by  precipitating  it  as  a 
lie  acetate,  and  the  separation  of  manganese  from  calcium  by 
ans  of  bromine.  The  object  was  not  so  much  to  test  the 
aracy  of  the  acetate  process  as  to  determine  the  conditions 
orable  or  otherwise  to  its  successful  use.  In  the  case  of  the 
nganese-calcium  separation  on  the  contrary,  the  value  of  the 
thod  was  in  question,  for  where  either  or  both  constituents 
present  in  quantities  its  accuracy  has  been  doubted. 
for  convenience  and  accuracy  standardized  solutions  of  the 
ee  substances  were  nsed.  Piano  wire  was  the  basis  of  the 
ric  chloride  solution.  This  was  dissolved  in  hydrochloric 
I  oxidized  by  means  of  nitric  acid.  The  nitric  acid  was  in 
n  expelled  by  repeated  evaporations  with  hydrochloric  acid. 
>t  traces  of  ferrous  iron  were  oxidized  by  bromine.  The 
ne  of  this  solution  was  found  by  means  ox  a  standard^  per- 
ngate  solution. 


Mean. 
0-7382 


For  the  manganese  chloride  solution,  manganese  dioxide  was 
J  starting  point.  This  was  digested  with  nitric  acid,  dis- 
ved  in  hydrochloric  and  nitric  acid — twice  evaporated  to 
yness  and  filtered — treated  three  times  by  the  basic  acetate 
ocess  (each  time  allowing  a  considerable  precipitation  of 
anganese),  and  recovered  from  solution  each  time  by  a  brom- 
e  precipitation.  The  last  precipitate  was  dissolved  in  hydro- 
iloric  acid  and  the  excess  of  acid  expelled  by  evaporation. 
bis  solution  was  standardized  by  determining  the  manganese 
pyrophosphate. 


reiprht  of  FeCl, 

Weight  of  Fe 

Weight  of  Fe  in 

solution  taken. 

found. 

100  grams  of  solution. 

grin. 

grm. 

grm. 

)      20-32 

0-14957 

0-7378  ) 

\      20*335 

0-15017 

0-7385  V 

)     20-30 

014957 

0-7383  ) 

«^eight  of  Mna, 

Weight  of  MnaPaO, 

Weight  of  MnO  in 

solution  taken 

found. 

1 00  grams  of  solution. 

grm. 

grm. 

grm. 

Mean. 

)       9-98 
)     10'()95 

01346 
0-1360 

0-6743  ) 
0  6735  j 

0-6739 

^  The  permanganate  solution  was  standardized  with  the  same  wire  so  that  the 
^tR  are  relatively  correct 
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The  solution  of  calcium  chloride  was  prepared  from  caldnm 
carbonate  puritied  hy  repeated  precipitations,  as  carbonate,  br 
meane  of  ammonium  carbonate  It  was  free  from  iron, 
alumina  and  alkalies. 


WeiRhtofCaCl, 

Weight  at  CaO 

Weight  of  CaO  in 

solution  taken. 

(bund. 

100  grams  of  Bolution 

gnn. 

grm. 

20094 

0-1133 

0-56J8  1 

2016 

0-1136 

0-56^2  [ 

20-18 

01136 

o-seso ) 

M;  experiments  began  with  analyses  of  solatioDB  containinf; 
known  quantities  of  the  three  sabstaDcea.  From  this  tbej 
grew  ana  tliou^'^  ^^^  order  may  be  the  reverse  of  a  Iogi(»l  one 
it  had  best  be  followed  in  giving  the  reaultA. 

In  the  first  and  second  series  the  quantities  of  iron  and  cal- 
cium were  constant,  the  manganese  was  variabla  In  a  third 
series,  containing  only  manganese  and  calcium,  the  proportion! 
of  each  were  varied. 

The  general  mode  of  operating  was  the  following : 

The  solutions,  containing,  in  the  first  and  second  eeries,  tLe 
equivalents  of  about  0-2  grams  of  iron  and  0*17  grams  of  cal- 
cium oxide  and  quantities  of  manganese  oxide  varying  from 
0-03  to  02  grams,  were  diluted  to  350-400"-  To  secaie 
the  usual  conditions  of  analysis,  and  because  ammoniam  salts 
tend  to  hold  manganese  in  eolntion,  10°°-  of  hydrochlonc 
acid  were  added.  The  cold  solution  was  neutralized  with 
ammonia  containing  ammonium  carbonate.  The  precipitate 
that  might  be  formed  was  dissolved  with  as  little  as  possible 
hydrocliloric  acid  and  5'  grama  of  ammonium  acetate*  added 

For  the  precipitation  of  the  iron  and  the  conversion  of  the 
salts  of  the  other  elements  into  acetates,  this  is  an  nni 
ary  excess  and  because  of  its  possible  reducing  action  c 
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ate  too  vigorously  nor  too  long  and  as  a  result  there  was  in  no 
»8e  anj  appreciable  reduction. 

The  filtrates  from  iron,  being  united,  were  evaporated  to 
W)0-500«-%  \Q^  of  ammonia,  followed  by  250-350*^«'  of  bro- 
nine  water,  were  added  to  the  hot  solution,  which  was  then 
leated  on  the  water  bath  until  the  precipitate  gathered  leaving 
I  clear  colorless  supernatant  liquid.  If  digested  over  a  direct 
Same  the  separation  may  be  hastened. 

The  success  of  this  precipitation  depends  largely  on  treating 
the  solution  hot.  If  bromine  be  added  to  a  cold  solution  the 
oxidation  is  slow  and  often  less  complete.  The  addition  of 
bromine  to  the  solution  already  made  ammoniacal  seems  pre- 
ferable to  a  reversal  of  the  order  as  it  insures  a  more  uniform 
oxidation. 

Three  bromine  separations  were  made,  the  manganese  pre- 
sipitate  being  dissolved  in  hydrochloric  and  salphurous  acids. 
[n  no  case  did  the  third  filtrate  show  calcium.  The  first  and 
Kcond  filtrates  from  manganese  were  united.  The  volume 
veas  reduced  to  SOO^iOO**'  and  the  calcium  was  thrown  down 
18  oxalate  and  weighed  as  oxide. 

The  maujganese  was  weighed  as  pyrophosphate.  The  iron 
p^as  determined  by  the  standard  solution  of  permanganate. 

The  following  are  the  results. 


Weight  of 

Weight  of      Weight  of      Weight  of 

Weight  of   Weight  of 

Fe 

Pe                CaO                CaO 

MnO 

MnO 

taken. 

found.             taken.             found. 

taken. 

found. 

grui. 

grm.                grm.                grm. 

grm. 

grm. 

f  9.)    0-2254 

0-2251          0-1699         0-1690 

0-0341 

0  0355 

(1 0.1    0-2248 

0-2251          01700          0-1687 

0-0680 

0-0689 

(11.)    0-2252 

0-2248         0-1700         0-1696 

0-1092 

0-1094 

12.)    0-2261 

0-2251         U-1700         0-1705 

0-1500 

01501 

13.)    0-2264 

0-2263         0-1702         01697 

0-2043 

0-2053 

Error  in  weight 

of           Fe                           CaO 

MnO 

grm.                          grm. 

gnn. 

(  9.) 
(10.) 

0-0003—               0-0009— 

0-0014  + 

0-0003+               0-0013  — 

0-0009  + 

(11.) 

0  0004—              0-0004  — 

0-0002  + 

(12.) 

0-0000                   0-0005  4- 

0-0001  + 

(13.) 

0-0001—              0-0005  — 

0-0010  + 

Experience  tells  us,  that  in  dealing  with  such  precipitates  as 
;hose  of  iron  and  manganese,  repeated  precipitation  is  neces- 
lary.  In  analyzing  this  necessity  and  determining  its  limita- 
tions a  series  of  partial  separations  was  made,  and  the  quanti- 
ties of  manganese  and  calcium  in  each  of  the  several  respective 
filtrates  was  determined.  The  iron,  of  which  about  0*22 
grams  was  added  in  each  case,  was  undetermined. 
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Walalii  ot     ' 

>        If  no         Ut  aunte 


Wdabl  M  UaO  (Mod  U 


TdtaL 


0-2248 
0-2248 
0-3250 
0-2252 
0-225:) 


0-3341      0-0342     0  0006     none  0-0947  0-0005+ 

0-0678      O-oeni     O-OOOe    trace  0-0087  0-0006+ 

11-1088      0-1073     0-0013     none  O'lOSB  00002- 

0-lSOO      0-1477     0-0024     none  0-1501  00001+ 

0-2042      0-2003     0-0034    trace  0-2037  O-O005- 

Wra^hl  of  CaO  found  in 


Ist  Fefiltrale. 


Weight  of  CaO       lat  Ma 
tnken  flitrale. 


0-1650 
01640 
0-lSll 
0-1640 
0-1614 


00020 
0-0010 
0  0013 
00018 
0-0023 


Total. 

0-1695 
0-1694 
0-1698 
0-1694 
0-1 S9S 


O-OO05- 
0-0006- 
0-0004- 

0-oooe- 

0-0005- 


Id  separating  cdciuin  from  manganeBe  io  the  firet  fiitrate 
from  iron  three  precipitaHone  were  made.  In  no  case  did  llie 
third  filtrate  contain  enough  calcium  to  eliow. 

From  the  above  aDalyses  the  necessity  of  two  precipitatioM 
in  separating  manganese  from  iron  and  calcium  from  iron  and 
manganese  is  evident.     Mure  than  that  seem  sapertlnons. 

In  general  the  amount  of  manganese  fonnd  in  the  second 
filtrate  from  iron  is  proportional  to  its  total  quantity.  It  fre- 
qoently  happens  however  that  in  neutralizing  the  eolnlioa, 
preparatory  to  tlie  acetate  Reparation,  the  manganese  ia  pre- 
cipitated and  partially  oxidized,  in  which  case  its  resolution  i> 
impracticable.  This  oxidation  is  probably  dne  rather  to  tbe 
action   of  the  air  than  to  anv  after  effect  of  acetic  acid.    In 
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Dstitnents.  That  the  conditions  of  the  previous  analyses 
ight  be  approximately  kept,  5  grams  of  ammoniam  chloride 
d  10  grams  of  ammonium. acetate  were  added  in  each  casa 
nlj  the  calcium  of  the  first  manganese  filtrate  was  deter- 
ined. 


Weight  of  MnO 
taken, 
grm. 

19.)  0-2042 

10.)  0-1020 

21.)  0-0608 

22.)  0-0207 

0-2039 
0-1020 
0-0616 
0-0204 

0-2037 
0-1023 
0-0612 
00203 

31.)  0-2037 

32.)  0-1023 

33.)  0-0509 

^84.)  0-0207 


Weight  of  CaO     Weight  of  CaO 
taken.        found  in  1st  filtrate. 


grm. 

0-1702 
0-1706 
0-1702 
0-1702 

0-0848 
0-0849 
0-0866 
0-0846 

0-0423 
0-0427 
0-0424 
0-0428 

0-0171 
0-0173 
0-0170 
0-0171 


grm. 

0-1639 
0-1638 
0-1662 
0-1682 

0-0779 

0-0831 

lost 

0-0833 

0-0399 
00421 
00415 
00421 

0-0141 
0-0158 
0-0167 
00162 


Loss, 
grm. 

0-0068 
0-0077 
0-0042 
0-0018 

0-0069 
0-0018 

0-0013 

0-0024 
0-0006 
0-0009 
0-0007 

0-0080 
0-0015 
0-0003 
0-0009 


These  results  indicate  that  the  amount  of  calcium,  carried 
»wn  with  the  manganese,  depends  lai^ely  on  the  relative 
lantities  of  manganese  and  calcium.  However  this  may  be 
is  evident  that  where  the  amounts  of  each  are  not  less  than 
}2  grams  a  double  precipitation  of  manganese  should  be 
ade. 

Having  introduced  such  large  quantities  of  ammonium  salts 
to  the  solutions  the  question  of  effect  on  the  oxalate  precipi- 
te  was  raised.  Attention  has  been  called  to  the  negative 
Icium  error.  Is  this  due  simply  to  the  solubility  of  the 
alate  or  is  it  the  sum  of  large  positive*  and  larger  negative 
rors? 

In  answer  to  this  suggestion  a  number  of  calcium  determi- 
Ltions  were  made,  in  which  the  previous  conditions,  as  to 
lantity  of  ammonium  salts  and  volume  of  solution,  were 
)8erved. 

*  The  source  of  positive  error  would  be  tlie  reagents  and  pjlass  ware.  The 
erations.  excepting  the  precipitation  of  manganese  by  bromine,  were  carried  on 
platinum.  The  ammonium  hydrate  and  sulphurous  acid  were  freshly  prepared. 
le  other  reagents  were  carefully  teste<l 
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Bighl  of  CaO 

Weight  of  CO 

UkeD. 

found. 

Error. 

gnn. 

gnn. 

0-1 136 

01131 

OOOOS- 

0-1138 

01136 

0-0003- 

01136 

0-1136 

0  0000 

0-1139 

0-1137 

00002- 

0-1136 

0-1132 

0-0004— 

0-1138 

0-1133 

0-0006— 

The  EolntioDs  300'-°-  contaiDed  approximatelj  5  grame  of 
the  chloride,  5  grama  of  the  acetate  and  10  gratuB  of  the  bro- 
mide of  ainmouium.  The  inference  is  that  their  inflaence  in 
reetraioing  the  oxalate  precipitation  is  slight. 

Summary  :  In  precipitating  iron  as  basic  acetate  it  is  proba- 
bly better  to  avoid  a  great  excess  of  the  acetate.  A  coDside- 
rable  excess  need  not  nowever  interfere  with  the  separation. 
While  an  acetate  solution  favors  the  reduction  of  iron,  witb 
care  this  reduction  maj  be  avoided.  The  precipitate  should 
not  be  digested  too  vigorously  nor  too  long. 

In  neutralizing  the  solution,  preparatory  to  the  acetate  sepa- 
ration, a  slight  precipitate  of  manganese,  due  to  oxidation,  i> 
almost  always  formed.  This  influences  more  or  less  markedly 
the  completeness  of  a  single  separation.  It  cannot  be  wholly 
avoided,  thongh  the  effect  of  the  presence  of  amDioDinmulte, 
in  holding  manganese  salts  in  solution,  is  probably  beneficial. 
While  the  manganese  remains  in  solution  oxidation  cannot 
take  place. 

In  precipitating  manganese  from  an  ammoniacal  solution  bj 
means  of  bromine  the  presence  of  acetates  is  desirable.  The 
oxidation  is  more  rapid,  hence  more  complete  than  in  a  soln- 
tion  free  from  acetates.  Bromine  water  shonld  be  added  to 
the  hot  ammoniacal  solution.     If  the  solution  be  cold  the  oii- 
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Art.   XVIII. — The   Central  Maeeachueetts  Moraine;^    by 

Ralph. S.  TARR.f 

Upon  the  plains  of  the  Oeotral  States  the  ice  of  the  last 
B;Iacial  period  has  registered,  with  distinctness,  the  various  halts 
in  its  recession.  The  record  of  the  ice  retreat  in  this  region 
has  been  worked  out  in  admirable  detail  by  the  glacialists  in 
charge  of  this  work.  Rapid  retreats,  temporary  halts  and 
slight  readvances  are  here  indicated  by  the  glacial  deposits. 

The  disappearance  of  the  ice  from  New  England  most  have 
been  marked  by  very  nearly  the  same  history,  but  the  detailed 
record  of  this  retreat  has  not  yet  been  studied.     This  is  due  in 
part  to  the  fact  that  until  recently  no  systematic  studies  of  the 
glacial  deposits  of  New  England  have  been  undertaken,  but 
chiefly  to  the  fact  that  the  record  left  by  the  ice,  as  it  melted 
away,  is  obscure.    This  obscurity  is  the  result  of  the  topo- 
graphic diversity  of  the  region.     Upon  a  plain  a  slight  moraine 
becomes  a  marked  topographic  feature,  but  amid  the  hilly  dis- 
trict of  New  England  its  importance  is  masked  by  the  more 
striking  undulations  and  relieis.     In  addition  to  this  the  very 
fact  of  the  diversified  topography  has  made  the  minor  moraines 
actually  less  distinct  and  hence  more  difficult  to  study  than 
would  have  been  the  case  on  a  level  country.     The  ice  margin 
must  have  conformed  in  a  measure  to   the   topography,  and 
bence  the  deposits  must  have  varied  in  distribution  with  the 
variations  in  altitude  and  relief.     Not  only  was  their  distribu- 
tion so  influenced  but  also  their  character.     The  rapid  water 
currents  rendered  possible  in  a  hilly  country  swept  away  por- 
tions and  modified  others. 

For  several  years  Prof.  N.  S.  Shaler  has  been  conducting 
detailed  studies  of  the  glacial  deposits  of  Massachusetts  and  the 
Neighboring  states  and  eventually,  if  his  plans  are  carried  out, 
the  record  of  the  ice  retreat  in  this  region  will  be  definitely 
known.  As  an  assistant  in  this  work  during  several  summers 
it  was  my  fortune  to  find  and  trace  out,  in  part,  a  distinct 
osorainal  band  in  Central  Massachusetts,  marking  a  temporary 
tialt  in  the  recession  of  the  glacier,  and  it  is  this  that  I  shall 
briefly  describe. 

On  the  islands  off  the  southern  coast  of  New  England  a  well 
defined  terminal  moraine  has  long  been  known  and  well  de- 

*  Published  by  pennission  of  the  Director  of  the  United  States  Geological  Survey. 
f  I  am  indebted  to  Prof.  J.  D.  Dana  and  Mr.  Warren  Upham  for  valuable  sug- 

rtions  which  have  aided  in  the  preparation  of  this  paper  as  well  as  to  Prof.  X. 
Shaler,  under  whoee  direction  the  field  work,  upon  which  these  results  are 
based,  was  done. 
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Bcribed  bj  TarioDs  obaervers.  It  eeeniB  to  be  establishod  thit 
this  moraine  marks  the  potot  of  the  glacier  for  the  greater  put 
of  its  long  stand  npon  tnis  part  of  the  continent.  Patches  of 
morainal  matter  have  been  noticed  and  described  from  varioui 
parts  of  New  England,  by  Mr.  Uphara  and  others,  hot  no  con- 
tinuous lines  of  moraine  have  been  traced  for  any  considerable 
distance.  Some  of  these  morainal  patches  have  been  snpposed 
to  mark  local  glaciers  remaining  upon  the  higher  lands  ifto 
the  main  ice  mass  had  disappeared. 

A  singular  morainal  area  was  described  bj  Prof.  Shaler  m 
the  Ninth  Annual  Report  of  the  U.  8.  6eological  Survey,  u 
occurring  at  Cape  Ann  on  Massachusetts  Baj.  As  an  aasistiiit 
ia  this  work  my  attention  was  called  to  this  deposit  several 
jears  ago  and  its  boundary  within  the  area  was  traced  with 
considerable  accuracy.  At  that  time  it  was  not  known  tbit 
this  bit  of  moraine  was  connected  in  any  way  with  any  other, 
but  subsequent  studies  of  the  glacial  deposits  have  pomted  to 
a  somewhat  continuous  moraine  from  Cape  Ann  nearly  to  the 
Connecttcnt  Kiver.  fieyond  the  Connecticut  morainal  depoati 
have  not  been  identified  with  certainty,  excepting  in  some  of 
the  larger  stream  valleys;  and  the  connection  of  these  ip- 
patently  isolated  moraines  with  the  Central  Maesacbnsetn 
moraine  has  not  been  definitely  established. 

The  Cape  Ann  moraine  has  l>een  fully  described  by  Prof. 
Shaler,*  with  numerous  illustrations  from  photographs.  Id 
general  it  occupies  a  large  part  of  the  island  of  Cape  Ann  and 
of  the  mainland  to  the  west  and  southwest.  On  the  island  it 
covers  the  major  part  of  the  interior,  but  is  rarely  found  in 
perfect  development  below  the  one  hundred  foot  contour  line, 
this  part  of  the  island  being  chiefly  bare  bed  rock  as  if  wave- 
swept.  The  morainal  boundary  is  roughly  circular,  with  an 
e  diameter  of  not  inorL-  tliaii  four  iiiilM.     It  is  eomptelelj 
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yer  Junction,  a  distance  of  twenty-four  miles  I  have  had  no 
>portunity  for  studying  the  surface  geology,  but  jnst  southeast 
:  Ayer  Junction  distinct  morainal  deposits  are  found  and  a 
niie  continuous  band  6i  moraine  extenas  from  here  westward 
\  the  Connecticut  river,  passing  south  of  Winchendon,  Boval- 
on,  Orange  and  Turner's  Falls.  This  line  of  moraine  is  fifty 
tiles  long  and  thus  from  Cape  Ann  to  the  Connecticut,  a 
istance  of  ninety-four  miles,  moraine  has  been  found  in 
)venty  miles,  the  remaining  twenty-four  not  having  been 
Kamined. 

To  briefly  describe  the  Cape  Ann  moraine  it  may  be  said 
lat  the  essential  features  are  sharp  peaks  and  hummocks  of 
rift,  completely  enclosed  kettle-holes  of  unstratified  drift,  and 

surface  thickly  strewn  with  bowlders  chiefly  of  granite 
x»lly  derived.  While  the  entire  surface  is  bowlder  strewn, 
he  most  excessive  development  of  bowlderv  deposits  is  in 
rains,  or  parallel  bands  extending  a  little  north  of  east  at  right 
ngles  to  the  direction  of  glacial  motion.  There  are  several 
qoare  miles  of  such  bowldery  places  on  Cape  Ann  where  the 
K>wlders  are  literally  piled  one  upon  another  with  rarely  any 
oil  showing.  A  better  development  of  the  "bear-den"  mo- 
aine  would  be  difficult  to  find.  Parallel  with  these  bowlder 
ines  are  ridges  of  drift  and  the  corresponding  valleys. 

While  the  material  composing  the  moraine  is  considerably 
ess  clayey  than  ordinary  till  it  is,  with  rare  exception,  an 
mstratified  deposit  quite  closely  resembling  till.  A  few 
)atches  of  stratified  drift  and  a  single  serpent  kame  occur  on 
;he  island. 

On  the  mainland  west  of  Cape  Ann  much  the  same  charac- 
»r  marks  the  moraine,  except  that  bowlders  are  less  numerous, 
18  long  as  the  moraine  rests  on  the  granite.  Where  it  is  found 
ipon  the  metamorphic  rocks  as  in  Wenham  and  westward  the 
)owlders  decrease  perceptibly  in  abundance  and  size,  the  de- 
Kwits  are  more  sandy  and  they  merge  more  commonly  into 
tratified  deposits.  At  the  same  time  the  distinctly  "shoved'' 
noraine  narrows.  These  facts  are  undoubtedly  to  be  referred 
Q  part  to  the  change  in  character  of  supply,  but  chieHy  to  the 
nore  moderate  relief  which  permitted  the  deposition  of  sand 
nd  gravel  deposits.  Some  of  the  morainal  peaks  are  partly 
juried  beneath  such  deposits. 

In  the  region  between  Aver  Junction  and  the  Connecticut 
Xiver  the  morainal  accumulations  are  quite  puzzling.  The 
'x>untry  is  hilly  and  deeply  scored  by  both  east  and  west  and 
iorth  and  south  valleys.  The  result  has  been  a  complicated 
listribution  of  the  morainal  deposits  whicii  renders  exact  state- 
nents  concerning  the  detailed  history  of  their  formation  quite 
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impoesible  at  present.  The  distribntioD  is  in  iD<»e  or  less  cob- 
tinnoDB  patches;  bnt  distinct  linea  of  moraine  cannot  betnced 
for  any  considerable  distance,  their  continuity  being  ioter- 
rnpted  by  the  irregnlarity  of  the  topf^raphy.  Ab  the  reealt  of 
this  we  find  a  Beries  of  ecalloped,  serrated  linen  in  the  fcenenl 
moraine.  These  lines  and  the  entire  moraine  are  eometintei 
broken,  yet  the  general  continnity  of  the  deposit  is  nndonbted, 
for  the  breaks  are  rarely  a  mile  in  length. 

A  vacillating  condition  at  this  puce  is  indicated  by  the 
great  width  of  the  morainal  deposits.  The  monine-covend 
tract  is  often  eight  or  ten  miles  in  width  and  isolated  patcbei 
of  "  shoved  "  moraine  are  foand  both  to  the  north  and  sodUi 
of  this. 

The  central  Massaehnsetts  morune  is  typically  developed  it 
Winchendon,  Gardner,  and  sonth  of  Atbol  and  Orange  on  the 
Winchendon  and  Warwick  sheets  of  the  Massaehnsetts  topo- 
graphical map.  A  detailed  description  of  the  moraine  on  the 
vanons  sheets  will  be  found  in  Prof  Shaler^s  forthcomiog 
monograph  on  the  Surface  tieolt^y  of  MasBaehuBette.  It  pre- 
sents all  the  features  of  a  typical  "shoved"  moraine,  bong 
rough  in  outline  and  bowlder  strewo,  haviag  humraockB  iim 
kettles  of  nnstratilied  drift  and  being  associated  with  stratified 
drift  both  of  contemporaneous  and  subsequent  origin.  Thii 
stratilied  drift  is  of  the  sand  plain,  esker  and  valley  drift  ^rpea 
In  places  the  morainal  hummocks  are  made  up  of  ronghi; 
stratified  layers  of  till  and  gravel,  they  are  at  times  partly  utd 
even  entirely  covered  by  stratified  drift  of  the  overwash  type, 
and  sand  plains  are  not  uncommonly  found  amid  the  moiUDil 
peaks  and  kettles.  Xo  distinct  frontal  apron  exists,  for  the 
diversity  of  the  topography  would  not  admit  of  snch  well  de- 
fined level  deposits. 

Tlifse  observations  prove  that  the  ice  halted  in  its  retreat 
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the  interior  the  moraine  does  not  swerve  to  the  southwest 
lowing  that  the  highlands  of  the  northern  central  part  of  the 
:ate  and  of  New  Hampshire  exercised  little  influence  upon 
le  ice  front.  It  may  be  said,  however,  that  the  glacial  strisB  in 
lie  part  of  the  State  point  nearly  north  and  south,  the  south- 
isterly  trend  near  the  sea  coast  being  very  likely  due  to  the 
iflnence  of  the  easterly  sloping  coast  border. 

Since  this  moraine  has  not  been  traced  west  of  the  Connecti- 
it  nothing  can  be  definitely  said  with  regard  to  its  westerlv 
>ntinuation.  It  seems  probable,  as  suggested  to  me  by  Prof. 
►ana,  that  the  influence  of  the  very  marked  highland  region 
f  the  Berkshire  Hills  in  Western  Massachusetts  must  have 
insed  a  southward  extension  of  the  ice  margin  west  of  the 
ionnecticut.  In  the  region  about  Pittsfleld  and  North  Adams, 
articnlarly  in  the  larger  valleys,  there  are  patches  of  bowldery, 
ummocky,  partially  stratified  drift  which  seem  to  be  morainal 
1  character.  No  attempt  can  be  made  to  correlate  these  with 
be  central  moraine  at  this  time. 

It  is  hardly  probable  that  between  the  Long  Island  moraines 
nd  that  of  central  Massachusetts  the  recession  of  the  ice  was 
3  nniform  and  rapid  that  no  sign  of  its  retreat  was  left  and 
he  facts  in  the  field  seem  to  show  that  this  was  not  the  case. 
fy  studies  have  been  in  the  main  in  isolated  districts  in  Mas- 
aehnsetts,  Connecticut  and  Vermont,  so  that  aside  from  the 
loraine  just  described  it  is  not  possible  for  me  to  state  deti- 
itely  that  other  bands  of  moraine  exist.  Still,  both  south  and 
lorth  of  this  moraine,  I  have  found  isolated  patches  of  true 
hoved  moraine,  though  nowhere  has  it  been  found  to  have 
he  well  marked  development  noticed  in  that  of  central  Massa- 
husetts.  Such  deposits  have  been  noti^ced  in  the  vicinity  of 
Worcester,  Mass^  m  southeastern  Massachusetts,  Waterbury, 
]!onnecticut  and  southern  Vermont,  and  other  observers  have 
leecribed  moraine  in  New  Hampshire. 

None  of  these  deposits  have  been  studied  in  detail  and  with  a 
lew  to  their  relation  to  one  another,  but  without  doubt,  when 
hey  are  so  studied  it  will  be  found  that  the  history  of  the  dis- 
ppearance  of  the  ice  sheet  from  New  England  was,  like  the 
oe  of  the  upper  Mississippi  valley,  one  of  numerous  halts  and 
light  readvances,  though  the  records  left  will  be  found  to  be 
auch  less  distinct  in  New  England  than  in  the  west. 
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Abt.  XIX.— Proo/s  that  the  Sdyoke  and  Deer^dd  Trap 
Sheets  are  Conternporaneous  J^lows  and  not  utter  intrv- 
aimis ;  by  Ben  K7  Emerson. 

In  the  concluding  paragraph  of  his  most  ioteresting  article 
on  the  Trap  Kocks  about  New  Haven,*  Professor  Dana  is  in- 
clined to  make  tbe  results  he  has  reached  regarding  tbe  tnpt 
and  sandatonea  of  the  New  Haven  region  general  for  those  of 
the  whole  Connecticut  Valley. 

He  concludes  that  these  traps  are  subsequent  to  and  intronn 
in  the  sandstones  and  not  "  poured  out  in  one,  two  or  mon 
horizontal  sheets,  separated,  and  overlaid  horizontally  by  bedi 
of  sandstone.'*  The  essential  point  in  this  contention,  if  I 
understand  aright,  is  that  the  traps  aESOciated  with  tbe  Triaamc 
sandstones  are  all  newer  than  these  sandstones 

The  following  is  presented  as  an  abstract  of  tbe  proofs  that 
all  the  main  trap  sheets  in  Massachusetts  are  contemporaneoDi 
flows,  and  easily  distinguished  from  the  smaller  introBin 
masses. 

1.  At  the  upper  surface  of  the  Deerfield  bed  of  trap  east  of 
the  mouth  of  Fall  Eiver  opposite  to  Tamer's  Falls,  a  perfect 
ropy  surface  of  flow  is  exposed  and  the  soft  red  shale  foldi 
round  the  curved  surfaces  and  into  the  deep  grooves  in  a  wi; 
only  possible  by  a  surface  flow.  The  red  sand  can  be  picked 
out  of  open  steam  holes  on  the  surface,  as  the  bed  is  strouf^lj 
vesicular  at  surface.  At  the  base  it  is  here  apbanitic  and  the 
sandstone  is  baked  into  a  black  hornstone-like  mass. 

2.  At  the  base  of  the  same  bed  several  miles  soath  in 
the   north  edge  of  Greenticid,  tlic  clilf  has   been   cleaned  ^ 


D^ftlfield  Trap  Sheets  are  Contemporaneous  Flows,     147 

The  explanation  of  this,  I  believe    i-    Trap  Section,  Greenfldd. 

to  be,  tnat  like  an  nnrolling  carpet 

the  singe?  surface  of  the  fiow  was 

anderrolled     ou    a    eubmer^ed     or 

mnddy   bottom  and   the   mnd   was 

forced  up  into  the  fissnres  b;  tbe 

weight  of  the  200  feet  of  trap,  and 

met  in  the  cracks  b;  the  atill  liquid 

trap  from  abova 

3.  The  Holyoke  sheet  from  its 
east  end   to  the  Connecticnt  Biver 
bakes  the    sandstone   on  which  it 
rests  and  has  rarely  large  long  steam 
pores  ranning  np  from  the  base  six  J^ 
inches  or  a  foot,  cansed  by  the  moist-  ■ 
are  in  the  subjacent  sandstone,  and  '  6  f r *  E . 
it   is   highly   vesicular  and  without      j;  Trap;  n,  Trap  ujtgloraemte 
any  trace  oi  baking  at  its  upper  sur-  with  trap  cetaent;  ts.  Trap  hh- 
face.                                                                        gtomorale  with  sand  cemcDt;  ^^ 

Between  the  Connecticut  and  ^<"^"« 
Weetfleid  rivers  (fourteen  miles),  the  hase  of  the  sheet  is  often 
very  vesicular  and  kneaded  full  of  dove-colored  limestone,  as  if 
limestone  and  trap  had  been  plastic  at  the  same  time.  In 
thin  sections  the  fine  grained  limestone  can  be  seen  penetrat- 
ing the  steam  holes  with  a  distinct  flow  structure,  but  the 
bonndaries  are  sharp  between  trap  and  sandstone.  The  trap 
is  here  perhaps  300  feet  thick,  but  has  not  baked  the  sub- 
wcent  arkose  at  all.  At  one  place  where  the  railroad  between 
Westfield  and  Holjoke  cuts  the  south  line  of  the  latter  place 
a  broad  area  of  the  upper  surface  of  the  sheet  is  tilled  in  the 
same  way  with  the  same  limestone  to  a  depth  of  8  or  10  feet. 
This  latter  rock  is  not  in  place  in  the  rocks  cut  through  by  the 
trap,  either  at  the  surface  or  in  the  many  artesian  borings  I 
bave  stndied,  down  to  3500  feet  in  depth.  I  explain  the  above 
Btractore  also  by  the  nnderroUing  of  tlie  surface  of  the  sheet  as 
above.  A  limited  amount  of  calcareous  mud  was  washed  onto 
the  submerged  surface  of  the  advancing  sheet  (which  was  supcr- 
Scially  Bolidified)  and  blended  more  or  less  with  this  surface 
which  by  the  continued  advance  of  the  mass  became  in  part 
nnderrolled,  thus  protecting  the  sand  below  from  baking,  and 
bringing  the  highly  vesicular  trap  loaded  with  limestone  to  the 
base  of  the  bed. 

4.  At  the  Delaney's  Quarry  by  the  railroad  on  the  north  line 
of  Holyoke  the  extremely  irregular  -surface  of  the  trap  which 
rises  and  falls  twenty  feet  in  the  quarvy  and  is  warty  and  ropy 
in  the  extreme,  is  closely  titled  by  the  dark  mud  at  tirat  depos- 
ited, and  the  sandy  layers  immediately  above  undulate  in  and 
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out  of  the  depreBBions  and  plowiy  obliterate  them,  aod  all  with- 
out marked  induration.  The  trap  immediately  beneath  ie  tk 
finest  amygdaloid,     Thie  ia  a  portion  of  the  posterior  sheet. 

5.  The  Holyoke  sheet  is  covered  by  arkoee  and  this  h\  i 
thick  bed  of  trap  tuff  and  agglomerate  whose  outcrop  gtretf^a 
parallel  to,  and  a  luile  south  of,  the  main  Holyoka  sheet  from 
its  east  end  to  Holyoke  town,  about  eighteen  mites. 

I  have  cnt  many  thin  sections  from  all  parts  of  this  bed,  ud 
the  diabase  of  which  it  is  composed  is  not  in  any  way  lo  be 
distinguished  from  that  of  tlie  main  trap  eheete  here  discusseA 
This  makes  certain  tlie  eruption  of  a  great  amoant  of  trip 
during  the  deposition  of  the  sandstones,  and  accords  with  tin 
fiiipposition  that  the  closely  associated  Holyoke  sheet  was  liaa 
eontemponiDeoiie  with  the  sandstones.     Fig.  2  fpyea  a  sk^ 
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SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

I  the  Oravi'Volumeter. — An  instrument  by  m^ans  of  which 
8  of  a  given  gas  is  given  directly  from  a  single  reading  of 
me,  has  been  devised  by  Japp,  who  has  called  it  a  gravi- 
:er.  It  is  a  modification  of  the  gas  volumeter  of  Lunge, 
paratus  consists  of  two  gas  burettes,  each  of  50^^  capac- 
vided  with  obliquely  bored  taps.  One  of  these,  A,  has  a 
ay  tap,  and  is  used  as  the  gas  measuring  tube ;  the  other, 
mly  a  single  tap  and  serves  as  the  regulator  tube.  Both 
re  moistened  internally,  in  order  to  saturate  the  gases  they 
with  aqueous  vapor,  and  both  are  connected  by  means  of 
exible  tubing  and  a  T  piece  with  the  same  movable  reser- 
mercury.  In  calculating  the  " gravi-volumetric  values" 
different  gases  to  be  measured,  the  25<^^  division  of  the 
or  tube  is  taken  as  the  starting  point.  In  the  case  of 
ti,  for  example,  the  volume  to  which  26*^^  of  standard- 
*ogen  must  be  brought  in  order  that  1^^  may  correspond 
le  milligram  of  the  gas,  is  calculated.  Since  the  mass  of 
nitrogen  is  0-001266  X  25  =  0-0314  gram,  or  31*4  milli- 
this  mass  must  be  brought  lo  31*4*^*'.  The  division  31-4 
regulator  tube  is  therefore  marked  Nj.  Similar  points  are 
ined  for  other  gases  and  marked  O,,  CO,,  etc.  The 
ter  and  thermometer  are  now  read,  the  volume  which  26**** 
dard-dry  air  would  occupy  at  this  pressure  and  tem- 
e  js  calculated,  and  this  volume  of  air  is  admitted  into  the 
or  tube.  Suppose  it  is  desired  to  ascertain  the  mass  of  a 
y  of  nitrogen  contained  in  the  measuring  tube.  It  is  nec- 
3nly  to  raise  or  lower  the  mercury  reservoir  until  the  mer- 

the  regulator  tube  stands  at  the  nitrogen  mark,  31*4,  this 
or  tube  being  adjusted  so  that  the  mercury  level  in  it  and 
neasuring  tube  is  the  same.  Under  these  conditions  each 
entimeter  of  nitrogen  in  the  measuring  tube  has  the  mass 
milligram ;  so  that  the  reading  of  the  gas  volume  in  cubic 
iters  and  tenths  gives  at  once  the  mass  of  the  gas  in  milli« 
and  tenths.  By  bringing  the  mercury  in  the  regulator 
•  the  proper  level,  the  mass  of  any  other  gas  may  be  read 
ailar  manner.  If  it  be  brought  to  the  25  mark,  the  gas  or 
e  of  gases  will  have  the  volume  it  would  occupy  in  the 
•d-dry  state  and  the  apparatus  acts  as  a  gas- volumeter. — 
91.  8oc,^  lix,  894,  November,  1891.  g.  p.  b. 

n  the  JSlement  F'luorme, — An  extended  memoir  upon  the 
t  fluorine  has  been  published  by  Moissan,  giving  the  re- 
f  his  more  recent  researches  upon  this  substance.  An 
Dt  resume  of  this  paper  has  been  given  in  English  by 
For  preparing  the  fluorine  the    platinum   U-tube  era- 

in   the  later  experiments  was  much  larger  and   had  a 

ous.  Soi. — Third  Sbbibs,  Yoh.  XLUI,  No.  264.— Febhuaiit,  1892. 
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capacity  of  160".  It  Tas  iramereed  duriog  electrolysis  )d  boiling 
metliyl  chloiide,  giviu<:  a  teDiperatiirc  of  —  23".  In  this  lube  i 
mixlure  of  WO'"  liydrofliioric  at^id  and  20  grams  HKF,  was  cot 
tallied;  and  this  under  the  action  of  26  to  2B  Bimsen  cells  if 
ranged  in  scrits,  evolved  four  liters  of  pure  fluorine  per  lionr, 
The  gafl  as  evolved  was  first  conducted  througb  a  platinam  «pinl 
placed  in  a  bath  of  boiling  methyl  chloride  and  maintain^]  it 
abont  —  50°,  for  the  purpose  of  condensing  iho  accompaoyiDE 
hydrogen  Haoride,  which  boils  at  10'5'.  It  was  then  pantd 
through  platinnni  tubes  filled  with  fragments  of  fused  Bodinn 
fluoride,  by  which  the  last  traces  of  the  hydrogen  fluoride  were 
removed.  At  the  beginning  of  the  electrolysis  the  fluorine 
attacks  the  positive  electrode,  which  is  of  pure  platinum,  produc- 
ing PtF„  This  apparently  nnites  with  the  potassium  fluoride  la 
form  (KF),PlFj;  and  it  is  only  when  the  liquid  contains  ibit 
doable  a&!t  that  the  electrolysis  proceeds  regularly.  Pure  fluorine 
poBseeses  an  odor  resembling  that  of  a  mixture  of  hypocblorons 
acid  and  nitrogen  peroxide;  though  this  odor  in  masked  by  ihM 
of  the  ozone  formed  by  its  action  upon  moist  air.  In  a  thiclineH 
of  one  meter  it  has  a  greenish  yellow  color,  paler  and  nior»  yelb* 
than  that  of  chlorine ;  but  its  spectrum  shows  no  absoi'ptioD  bandj. 
Its  spark  spectrum  shows  13  bright  lines  in  the  red  belwera 
K  =  0'744''  and  0'62a''.  Its  density,  as  the  result  of  many  eiper 
iments,  appears  to  be  1'265,  the  theoretical  value  being  l'3i6. 
It  is  not  liqnefied  at  —  9b°  at  the  ordinary  atmospheric  pressure. 
Fluorine  combines  with  hydrogen  with  explosion,  even  in  the 
dark  and  at  a  temperature  of  —  23°.  With  oxygen,  on  the  oth« 
hand,  it  does  not  unite  even  at  500°.  When  duonne  acU  on 
water  a  peculiar  odor  is  noticed,  which  soon  passes  into  that  of 
ozone  and  which  the  author  thinks  may  be  due  to  an  oxide  of 
fluorine.  Many  other  reactions  are  given  in  Moissan's  paper— 
Avn.  Client.  I'hys.,  VI,  xxiv,  224,  Oct.,  1691 ;  Nature,  iliv,  fl«, 

Oct.,   1901.  G.  F.  B. 

.  On  the  comnifrcial prodvction  of  Ozone. — In  a  recent  lecture 
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lobes  may  be  combined  into  one  system  and  worked  with  alter- 
nating currents;  though  for  single  tubes  a  continuous  current 
with  an  interrupter  is  best.  The  apparatus  now  at  work  in  the 
above  laboratory  yields  2*4  milligrams  of  ozone  per  second. 
Experiments  are  in  progress  looking  to  the  production  of  a  sup- 
ply of  compressed  ozone  for  technical  uses;  this  having  already 
been  done  on  the  small  scale  under  a  pressure  of  nine  atmospheres. 
One  use  specially  dwelt  upon  by  the  lecturer  is  that  for  the  disin- 
fection and  sterilization  of  water. — Nature^  xlv,  39,  November, 
1891.  6.  F.  B. 

4.  On  Free  Sydroxylamine. — Free  hydroxylamine  NH^OH, 
has  at  last  been  isolated  by  Lobrt  deBbuyn.  For  this  purpose 
he  heated  about  a  hundred  grams  of  hydroxylamine  hydrochlorate 
dissolved  in  600*^®  of  warm  methyl  alcohol,  with  such  a  quantity 
of  sodium,  also  dissolved  in  methyl  alcohol,  as  was  necessary  to 
leave  the  hydrochlorate  in  slight  excess.  After  removing  the 
Bodiam  chloride  by  decantation  and  the  methyl  alcohol  by  dis- 
tillation at  160-200™™  pressure,  the  residue  was  treated  with 
anhydrous  ether  to  completely  precipitate  the  last  traces  of  the 
sodiam  chloride.  The  liquid  separated  into  two  layers,  the  upper 
one  being  the  ether,  containing  ahout  5  per  cent  of  hydroxylamine, 
and  the  lower  containing  over  50  per  cent,  besides  the  remainder 
of  the  methyl  alcohol.  On  subjecting  this  lower  layer  to  fraction- 
ation under  60™™  pressure,  three  products  were  obtained,  one 
containing  27  per  cent  of  hydroxylamine,  one  60  per  cent,  and 
the  third  crystallizing  in  the  ice  cold  receiver  in  long  needles  and 
being  pure  hydroxylamine,  NHjOH.  It  is  very  hygroscopic  and 
fbses  at  33%  the  liquid  having  a  remarkable  power  of  dissolving 
metallic  salts.  It  is  without  odor  and  is  heavier  than  water.  It 
explodes  violently  when  heated  to  80-100**.  It  is  only  slightly 
soluble  in  liquid  carbon  compounds  such  as  chloroform,  benzene, 
carbon  disulphide  and  the  like.  It  readily  attacks  cork  and 
cellulose.  The  pure  crystals  are  very  stable.  Bromine  and 
iodine  act  upon  free  hydroxylamine,  the  former  with  violence. — 
Recueil  dea  travaux  chimiques  des  Pays  Bas^  x,  101,  1891; 
Nature^  xlv,  20,  November,  1891.  g.  f.  b. 

6.  On  Iron  Carbonyls, — Mond  and  Laxger  have  continued 
their  researches  upon  the  volatile  compound  of  iron  and  carbo- 
uyl  discovered  by  them  in  the  first  half  of  the  present  year.* 
For  its  preparation,  they  now  prepare  first  finely  divided  iron  by 
h«-ating  ferrous  oxalate  in  a  current  of  hydrogen,  boiling  the 
resulting  product  in  water,  and  again  heating  the  iron  in  a  cur- 
rent of  hydrogen.  The  hydrogen  after  cooling  is  displaced  by 
carbon  monoxide  and  the  tube  is  closed  at  one  end  the  other  be- 
ing connected  to  the  source  of  supply  of  the  carbonyi,  this  gas 
being  slowly  absorbed  by  the  iron.  After  twenty-four  hours,  the 
iron-carbonyl  is  distilled  oft',  the  reci'ivinir  tube  being  cooled  to 
— 20**,  and  the  operation  is  repeated.  The  yield  is  small,  only 
one  gram  being  obtained  from  100  grams  of  iron.     As  thus  ob- 

♦  See  this  Journal,  III,  xlii,  424,  November,  1891. 
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taioe'l  iron-carbonrl  is  a  somewhat  viscooa  li<]aid  of  a  pale  yellot 
color.  Its  specific  i^Tttr  at  1 1^^  is  1  '4«64.  Under  a  prevarc  d 
T4ft^°'  it  distills  withoat  ilecom posit i^o  at  102*8°;  and  it  loUdi- 
fits  below  —21'  fielding  a  mass  of  rellowiah  needle-shaped  cryt 
taK  (Jn  exjfosure  to  the  air  it  is  slowly  decomposed,  yieldirif 
ferric  hydrate.  At  \hiy'  it  is  decomposed  ioto  iron  and  carbooyl 
Its  Tapor-density  is  6-4  to  85 ;  corresponding  to  the  fonnut 
Ff(CO),  which  requires  8-7,  while  Fe(CO),  requires  5-7.  Hnn 
the  authors  pro|ro:«e  lor  it  the  name  ferro-peatacarboDyl.  It  is  iw- 
tneric  with  ferrous  croconaie  C^FeO,.  When  exposed  to  the  ligh 
for  several  hours  in  a  sealed  tube  this  Fobstance  yields  tabnls 
gold-colored  crvi-iais,  which  when  drv  hare  a  metallic  Inster  sod 
rtsemble  flakrs  <-\  gold.  <Jn  analpis  figures  were  obtained  sgw- 
ing  with  ihe  t'ormiiia  Fe,{CO).  diferro-hcplacarbonyl. — J.  Chtm. 
Hue,  lis,  1096,  December,  ISfth  u.  7.  b. 

0.  On  the  Pieienre  of  Iron-Carbont/l  in  WaUr  &<m.— In  tht 
course  of  some  experiments  upon  a  water-gas  contaioing  abotf 
40  per  cent  of  carbon  monoxide,  Roscoe  and  Scuddkb  doumI 
that  the  magnesia  combs  placed  over  the  Same  of  the  barnia^ 
water  gas  became  rapidly  coated  with  iron  oxide  which  maten- 
ally  decreased  the  illuminating  power.  Steatite  burners  wm 
found  to  be  stained  with  iron  oxide  in  the  same  manner.  Whet 
allowed  to  accumulate,  the  deposit  took  a  coralloid,  tnberooi 
form,  quite  different  from  thai  assumed  by  particles  mechanically 
transported.  Suspecting  the  fonnatioii  of  iron-carbonyl,  lb«j 
GompresHcd  the  water-gas  in  iron  cylinders  to  eight  atmosphem 
and  allowed  it  to  stand  for  a  week.  The  gas,  which  usoallf 
burned  with  a  blue  non-luminous  flame  now  burned  with  u 
intense  yellow  one  and  deposited  upon  the  magnesia  comb  hdd 
in  it  large  quantities  of  iron  oxide.  On  depressing  the  lid  of  i 
porcelain  crucible  upon  the  flame  a  black  stain  of  metallic  iroo 
was  obtained ;  and  on  passing  it  through  a  heated  tube  a  minor 
of  this  metal  was  produced.  Thirty  liters  of  the  compressed  n* 
32  milligrams  of  metallic  iron  when  heated  in  a  tube  in  uil 
:c(l  belweeri  the  heated  fortw" 
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Vapor  Densities  and  Dissociation,"  on  "Tbermo-chemistry  "  and 
on  "Chemical  change"  being  especially  satisfactory.  We  cor- 
dially commend  the  book  to  those  student^  who  desire  to 
acquaint  themselves  with  the  modern  philosophy  of  chemistry. 

G.  r.  B. 

8.  Experiments  arranged  for  Students  in  General '  Chemistry. 
—By  Edgak  F.  Smith  and  Harry  F.  Keller.  2d.  Ed.  Enlarg- 
ed. 8vo,  pp.  60.  Philadelphia,  1891  (P.  Blakston,  Son  &  Co.). 
"This  little  work,"  say  the  authors  in  their  preface,  "  is  designed 
for  beginners  in  chemistry."  It  describes  carefully  and  precisely 
lacb  experiments  as  the  student  can  make  himself,  illustrated 
with  cuts  of  the  apparatus  needed.  It  appears  to  us  admirably 
adapted  to  its  purpose.  g.  f.  b. 

9.  A  Textbook  of  Elementary  Chemistry.  By  George  F. 
BiBKBR,  M.D.  2nd  Edition,  1891.  (John  P.  Morton  &  Co., 
Loaisville,  Ky.)  There  are  not  a  few  among  our  teachers  of 
chemistry  who  believe  that  in  schools  of  applied  science  and 
medicine,  where  chemistry  is  taught  as  a  collateral  subject,  and 
Id  required  courses  in  colleges,  where  but  a  limited  time  can  be 
allowed  for  the  acquisition  of  the  principles  and  facts  of  this 
science,  the  inductive  method  of  instruction  is  impracticable,  and 
it  is  partly  because  of  this  belief  and  partly  because  Dr.  Barker's 
work  was  admirably  arranged,  its  statements  were  clear,  accu- 
rate and  concise,  and  the  system  of  nomenclature  and  notation 
adopted  were  judiciously  chosen  trom  among  the  many  then  com- 
peting for  recognition,  that  the  first  editiv)n  of  his  Elementary 
Chemistry  owed  the  gratifying  success  which  it  achieved  and  has 
maintained  since  its  publication  in  1871. 

This  approval  has  made  it  seem  undesiraV)le  in  preparing  a 
second  edition  to  alter  materially  the  general  plan  of  the  book 
other  than  results  from  the  adoption  of  Mendeleeff's  perio<lic  law 
as  the  basis  of  its  classification  of  the  elements  and  for  the 
arrangement  of  the  descriptive  ]»art  of  the  book  ;  the  use  of  the 
laws  of  thenno-chemistry  in  the  elucidation  of  chemical  phenomena 
and  in  tracing  the  connection  between  matter-changes  and  energy- 
changes;  and  the  substitution  of  the  word  mass  for  weight  in  the 
terras  "atomic  weight"  and  "molecular  weight"  by  which 
greater  precision  of  statement  is  effected  and  the  terminology  of 
chemistry  is  brought  into  entire  accord  with  that  of  the  rest  of 
the  physical  domain.  Besides  this  the  book  has  undergone  a 
thorough  revision ;  the  newer  discoveries  in  physical  chemistry, 
such  as  the  liquefaction  and  solidification  of  the  gases  and  the 
many  other  physical  constants  being  recorded  from  the  data  of 
the  most  recetit  experiments.  Notwithstanding  the  considerable 
amount  of  new  matter  added^  the  size  of  the  book  has  not  been 
onaterially  increased,  as  in  the  author's  judgment  a  text-book 
should  contain  no  more  matter  than  the  student  may  be  required 
to  master.  c.  e.  m. 

10.  Low  lemperatures. — Professor  Pictet  has  established  in 
Berlin  a  laboratory  for  work  with  low  temperatures.     In  order 


164  Scientific  Intelligenca. 

to  avoid  the  great  piesBQre  required  in  handling  the  highly  evapo* 
live  fiuhBtances  of  lowest  boiling  point  which  eervo  to  prodnw  ex- 
treme cold,  it  is  necessary  to  divide  the  dificrence  of  temperainn 
into  iiCTeral  stages.  Each  stage  \&  fitted  with  especial  apparUH 
consigting  of  an  air  pump  worked  hy  Bteam,  which  di-ahisofflhi 
vapors  of  the  liquid  from  the  refrigerator,  and  forces  ihera  iiilei 
condensor  where,  reduced  to  the  liqaid  slate,  they  »re  agsin 
offered  for  evaporation  in  the  refngerator.  Thus  the  liquid,  with- 
out leakage,  passes  through  a  conLinHoas  circuit,  and  the  op«n- 
tions  can  be  carried  on  lor  any  length  of  time.  7''he  liquid  mide 
use  of  for  the  first  stage  is  a  mixture  of  sulphurous  acid  andi 
small  percentage  of  carbonic  acid  and  is  called  "  Liquide  PicUt" 
It  is  condensed  at  a  pressure  of  two  atinospherefl  in  a  special  inlw 
cooled  by  running  water.  Oxide  of  nitrogen  is  the  liquid  chowi 
for  the  second  stage.  Its  vapors  are  condensed  in  the  same  way, 
at  a  pressure  about  five  or  six  times  as  great  in  a  tube  maiutaiiied 
at  about  — 80°  C,  by  the  action  of  the  firet  circuit.  As  a  medium  fot 
a  third  stage  in  which  continuous  circulation  has  not  yet  l>«ai 
attempted,  atmosplieric  air  is  employed,  which  passes  into  tbe 
liquid  Slate  at  a  pressure  of  about  75  atmospheres,  provided  tht 
condenser  is  kept  at  — 135°  by  the  first  two  circuits.  The  evgpo- 
ration  of  the  liquefied  air  causes  the  thermometer  to  fall  bfia« 
—200°,  A  remarkable  difference  has  been  noted  in  the  radiation 
of  heat  by  Prof.  Pictel.  Material  considered  a  noii-conduclor  of 
heat  does  not  appear  to  aSect  much  the  passage  of  heat  intoi 
body  cooled  down  below  —11)0°.  In  Professor  Plctet's  wordslhe 
slow  oscillations  of  matter,  which  constitute  the  lowest  degree* 
of  lieal,  pasa  more  readily  through  the  obstructions  of  a  so-called 
non-conductor,  than  those  corresponding  to  a  higher  tempcralare, 
just  as  the  Ices  intense  undulations  of  red  light  are  better  ahle  U 
penetrate  clouds  of  dust  than  those  of  the  blue.  The  quantity  of 
heat  which  hourly  floods  a  cylinder  ISSO"""  high  by  2I0"'"  wide 
(the  siKc  of  the  refrigerator)"  at  — 1<0%  is  no  less  than  600  culO' 
packing  will   keep  it  out.     At  a  lower  teniperatiiri', 
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>  passing  throagh  its  middle,  caused  by  the  sbadow^  of  the 
ng  when  it  crosses  the  slit.  When  the  string  vibrates  this 
dow  draws,  so  to  speak,  the  vibration  of  the  string  on  the  sen- 
ve  paper.  A  large  number  of  results  accompany  the  paper. 
i  effect  of  bowing  the  string  near  the  nodes,  is  discussed.— ^nn. 
Physik  und  Chemie,  No.  12,  1891,  pp.  623-641.  j.  t. 

2.  The  Telephone  as  an  optical  instrument  for  current  meaa- 
. — M.  WiEN  affixes  a  stylus  to  the  diaphragm  of  a  telephone. 
18  stylus  touches  a  mirror  which  is  fastened  to  a  flexible  arm, 
ich  in  turn  is  clamped  in  an  adjustable  support.  The  mirror 
der  is  tuned  carefully  to  the  note  of  the  diaphragm  and  the 
ler  is  also  tuned  to  the  note  of  the  alternating  current  which 
employed.  The  instrument  readily  shows  8*1 0"''  amperes. — 
n.  der  Physik  and  Chemie,  No.  12,  1891.  pp.  681-688.    J.  t. 

3.  Solubility  of  Glass. — F.  Kohlrausch  has  completed  an 
laustive  paper  on  this  subject.  Among  the  large  number  of 
alts  obtained  by  him,  it  is  noted  that  glass  containing  silicic 
d,  boracic  acid,  alkali  without  chalk,  show  little  solubility, 
rax  glass  without  silicic  acid   is   enormously  soluble. — Ann, 

Physik  und  Chemie^  No.  12,  1891,  pp.  5V7-622.  j.  t. 

4.  An  Introduction  to  the  Matliematical  Theory  of  Electricity 
i  Magnetism;  by  W.  T.  A.  Emtage.  228  pp.,  Oxford,  1891. 
This  little  volume  gives  an  excellent  introduction  on  the  mathe- 
tical  side  to  the  subjects  of  Electricity  and  Magnetism,  and 
i  be  very  useful  to  the  student  who  does  not  wish  to  plunge  at 
5C  into  one  of  the  larger  treatises.  The  method  of  presentation 
I  the  statement  of  definitions  are  very  clear  and  systematic. 

IL    Geology  and  Mineralogy. 

i.  Tenth  Annual  Report  of  the  XT,  8,  Geological  Survey y 
J8— 89. — J.  W.  Powell,  Director.  In  this  Report,  the  report 
the  Director  and  the  Administrative  reports  of  the  Heads  of 
irisions,  occupying  252  pages,  are  followed  by  three  memoirs 
great  value,  entitled  :  General  account  of  the  freshwater 
rasses  of  the  United  States,  with  a  description  of  the  Dismal 
amp  district  of  Virginia  and  North  Carolina,  by  Prof.  N.  S. 
ALCB,  with  plates  VI  to  XIX ;  The  Penokee  Iron-bearing  series 
Michigan  and  Wisconsin,  by  R.  D.  Irving  and  C.  R.  Van 
SE,  with  plates  XX  to  XLVII ;  and  The  Fauna  of  the  Lower 
mbrian  or  Olenellus  Zone,  by  C.  D.  Walcott,  with  plates 
-I VII  to  XCVIII. — A  second  volume  of  123  pages  constituting 
rt  II.  of  the  Report,  is  devoted  to  the  subject  of  the  Irriga- 
o  Survey.  % 

Professor  Sbaler  treats  of  the  formation  of  morasses,  and  the 
iditions  favorable  to  it  in  climate,  vegetation  and  position,  and 
iers  into  the  history,  geological  structure  and  economic  value 
the  region  of  the  Dismal  Swamp,  illustrating  the  subject  with 
invsections  and  fine  plates.  The  paper  by  Professors  Irving 
d  Van  Hise  describes  with  fulness  the  rocks  and  structure  of 
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the  PcDokee  belt  of  iron-bearing  and  other  beds,  lying  in  Ww 
consin,  next  soutli  of  the  Keweenawan  serieg.  It  is  made  the 
basis  by  tliem,  along  wlUi  the  Kewcenavan,  of  the  pre-Cambriin 
division  of  rocks  called  "  Algonkian  ;"  but  in  tlie  closing  pan- 
graph,  it  is  stated,  alter  remarks  on  the  use  of  the  term  HuroDiao, 
that  the  Fenokee  scries  is  properly  Huronian,  if  the  latter  term  it 
restricted  to  such  water-deposited  I'ocks  as  are  proved  to  lie  nn- 
conformably  on  a  syslcra  of  older  crystalline  roeka  which  are  dit- 
tinctivety  Archiean.  The  evidence  of  unconformability  in  ihe 
case  of  the  Penokee  series  appears  to  have  been  worked  out  with 
gre.1t  care.  Many  ]ilates  of  rock  slices,  maps  and  Btratignphie 
sections,  ilhihlrate  the  paper.  Mr.  Walcott'a  memoir  baa  beta 
noticed  in  the  last  volume  of  this  Journal. 

In  the  course  of  llie  Administrative  Reporte,  Professor  Sbiler 
states  (p.  10)  that  he  has  discovei-ed  that  the  reefs  of  living  coni 
on  the  east  coast  of  Florida  have  not  tlieir  limit  at  Cape  Florida, 
as  has  been  hitherto  supposed,  but  extend  many  miles  north; 
that  a  distinct  reef  conlinnes  probably  10  or  12  miles  beyood 
Jupiter  Inlet. 

Mr.  Arnold  Hague  reports  (p.  134)  the  discovery  of  a  new  hot 
spring  area,  on  the  east  side  of  the  Yellowalone  near  the  hesd  of 
Wapiti  Creek.  lie  also  slates  (p.  i:(6)  that  orpiment  and  realgar 
have  bet^n  fonnd  coating  siliceous  sinter  in  the  Norris  Bsiio, 
Yellowstone  Piirk.  Mr.  G.  F.  Becker  attribntes  (p.  U2)  the  ei- 
tcrior  form  of  the  great  granite  domes  of  the  Yosemite  to  eitolii- 
tion  on  a  gigantic  scale. 

The  \'.  S.  Geological  Survey  has  also  issned  many  new  Bulle- 
tins. No,  fiS,  Earthquakes  in  California,  by  J,  E,  Keeler;  No. 
6i),  A  Classed  ami  Annotated  Bibliography  of  Fossil  Insects,  8. 
II.  Scndder;  71,  Indev  to  the  known  fossil  insects,  including 
Myriapods  and  Arachnids,  idem;  7^,  Altitudes  between  Lake 
Superior  and  the  Kocky  Mountains.  W".  Upham;  73,  the  visconity 
of  Solids,  C.  Barns;  75,  Record  of  N.  A.  Geology  for  1887  to 'afl, 
N.    H.  Darton;  76,  Altitudes  in  the  \J.  S.,  2nd.  ed.,  II.  Gannett; 

r.Teian  Permian  and  Its  MesozoJc  tvui'  <A  lussils.  C.  A.  Whiii 
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Tegion  haviDg  been  re-examined.  Prof.  White  deals  with  the 
Coal  Measures  only,  of  whioh,  in  accordance  with  the  Pennsyl- 
Taoia  classification,  he  recognizes  five  groups,  beginning  with  the 
Pottsville  Conglomerate,  XII,  and  ending  with  the  Permo-Carbo- 
niferous,  XVI.  Each  of  these  groups  is  the  subject  of  a  chapter, 
of  which  the  first  part  gives  a  large  number  of  measured  sections 
to  prove  the  relations  of  the  group,  while  the  second  part  de- 
scribes in  detail  the  variations  of  ti)e  several  strata.  Much  of 
the  material  is  wholly  new,  nearly  all  of  that  relating  to  West 
Virginia  being  published  now  for  the  first  time.  The  gathering 
together  of  the  salient  facts  from  the  Pennsylvania  reports  was  a 
serious  labor,  for  which  .we  should  be  deeply  grateful.  Prof. 
White  has  been  generous  in  recognition  of  his  fellow-laborers, 
sometimes  overlooking  his  own  work  and  assigning  credit  where 
no  credit  is  due.  j.  J.  s. 

3.  Age  of  the  Plants  of  the  American  Trias. — Mr.  Lestbr  F. 
Wabd,  in  a  review  of  the  plants  of  the  American  Trias,  (Bull. 
Geol.  Soc.  Amer.,  iii,  23,  1891)  arrives  at  the  conclusion  that  pre- 
sent knowledge  fixes  the  horizon  of  the  formation  ^'  at  the  summit 
of  the  Triassic  system;"  and  also  that  the  beds  of  Europe,  **  which 
seem  to  be  most  nearly  identical  so  far  as  the  plants  are  con- 
cerned, are  those  of  Lunz  in  Austria  and  of  Neue  Welt  near  Basle 
in  Switzerland,"  which  are  referred  "  by  the  best  European  geolo- 
gists to  the  Upper  Keuper." 

A  paragraph  on  page  25  of  the  Bulletin  of  the  Geological 
Society(page  3  of  Mr.  Ward's  article)  needs  some  correction.  It 
reads  :  ''Second,  the  New  Jersey  and  Pennsylvania  area,  extend- 
ing from  the  Hudson  River  to  the  Potomac.  I  have  not  used  the 
term  ^Palisade  area,'  which  was  employed  by  Professor  Dana, 
because  he  makes  this  to  include  also  the  Triassic  deposits  of 
Virginia  and  even  to  embrace  the  Richmond  coal-field." 

Prof.  Dana  is  not  aware  that  he  ever  made  the  Palisade  area  to 
include  "the  Triassic  deposits  of  Virginia"  of  which  there  are 
several,  or  "even  the  Richmond  Coal-Field."  In  the  last  edition  of 
his  Manual,  on  page  404,  it  is  stated  that  the  Palisade  area 
extends  from  New  York  to  Orange  County,  Virginia.  [The  same 
extension  is  given  it  in  the  colored  geological  map  published  in 
the  5th  Annual  Report  of  the  U.  S.  Geological  Survey  (1885),  as 
well  as  in  earlier  maps.]  The  termination  in  Orange  County  is 
nearly  50  miles  northwest  of  the  Richmond  area.  On  the  next 
page  the  Manual,  describing  the  Triassic  areas  severally,  states 
again  the  same  limits,  and  makes  the  Palisade  area  No.  4,  and 
tho  area  near  Richmond  No.  5.  The  first  edition  of  the  Manual 
(1862)  gives  the  same  numbering  of  the  areas  and  the  same 
limits  to  the  Palisade  area. 

4.  Chalk  and  flints  at  the  Solomon  Islands. — Prof.  Liversidge 
describes  (Australian  Association,  1890)  chalk  from  Ulawa  Island 
of  the  Solomon  group,  containing  Foraminifera,  but  not  so  abun- 
dantly as  a  similar  chalk  described  by  him  in   1877,  from  New' 
Ireland.     With  the  chalk  were  flints  closely  resembling  those  of 
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England^  all  were  rolled  specimens.  Nothinft  organic  was  de- 
tected in  the  fiint.  He  cites  from  Dr.  Guppy's  lettere  of  1681 
that  the  flints  of  Ugi,  anntiicr  island  of  the  group,  are  found  in  the 
Boil.  The  prevailing  rock  of  the  island  is  an  earthy  foraminiferoni 
limestone,  and  no  flints  were  found  in  it. 

6.  Paramelaconite  and  Fboleite. — Dr.  G.  A.  Kobmto  bas  re- 
cently described  two  new  copper  minerals  which  occur  cloeelj 
associated  with  each  other  upon  a  mass  of  cnprite  and  limoDite. 
They  were  obtained  by  A.  E.  Foote  from  the  Copper  Queen  mine 
at  BUbec,  Arizona. 

Paramelacosite  occurs  in  steep  pyramidal  crystals  (A,  fig.  1.) 
terminaled  by  the  bafial  plane,  the  pyramidal  faces  are  stroagi; 
striated  ;  from  the  measured  angle,  ooi  /\  111  =  58°  50',  the  jo- 
tical  axis  c  =  1  '0643  is  calculated.  The  hardness  is  S,  sp.  graritj 
S-83:).  Color  purplish  black,  on  the  fracture  pitch  blac^  Ad 
analysis  gave  r  C'uO  100-58,  Fe,0,  0-61  =  101-32,  which  is  iDte^ 
preled  as :  OuO  87-06,  Cii,0  1 1  -70,  Fe,0,  0-64  =  100.  It  is  hence 
essentially  CuO,  like  melaconiie  and  tenorite,  but  is  distinct  in 
crystallization,  and  a  relation  in  foi-m  to  oclahedrite  is  suggested. 
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by  J.  M.  Clarke.     From  Rept.  State  Geologist  N.  Y.  for  1890, 
pp.  13,  8  pi.;  7,  1  pL;  6,  1  pi.    1891. — These  critical  observations 
on  Acidaspis^  Coronura^  and  TerataspiSy  give  important  supple- 
mental information   to   the  previous  knowledge  of  these  foinus. 
Ceratocephalay  a  name  proposed  by  Warder  in  1838,  was  the  first 
distiDCtive  term  applied  to  any  member  of  the  well-defined  group 
currently  known  as  Actdaspie,  and  is  taken  as  the  leading  genus. 
The  author  arranges  the  species    in    the   following  subgeneric 
groups:     Odontopleura  Emmrich,    1839,    Acidaspis  Murchison, 
1839,    Ceratocephala   Warder,  aensu  atricto,    1838,    Dicranurus 
Conrad,  1841,  Selenopeltis  Corda,  1847,  A?icyropyge  Cls^rke^  1891. 
The  fortunate  discovery  of  an  entire  specimen  of  Coronura  aspec- 
tans  Conrad  (sp.),  terminates  a  long  scries  of  synonymical  uncer- 
tainties.    It  gives  a  remarkable  confirmation  to  the  conclusion 
reached  in  vol.  vii.  Pal.  N.  Y.,  based  upon  fragmentary  evidence, 
that  the  eye  described  by  Conrad  and  the  pygidia  described  by 
Hall   and  Meek  belong  to  a  single  species.     The  author,  more- 
over, considers  this  as  included  in  an  earlier  name,  the  Asaphus 
diurus  Green. 

The  restoration  of  a  specimen  of  Terataspis  grandia  Hall,  based 
on  a  large  cephalon  and  on  comparisons  with  other  portions,  gives 
a  length  of  twenty  inches.  It  consequently  represents  the  largest 
individual  trilobite  known.  The  species  had  a  highly  differen- 
tiated defensive  armor,  which  with  its  great  size  made  it  one  of 
the  dominant  Paleozoic  invertebrates.  c.  e.  b. 

7.  Cretaceous  fossils  of  Syria. — R.  P.  Whitfield  describes  and 
fissures  a  number  of  Syrian  species  in  the  Bulletin  of  the  American 
Museum  of  Natural  History  for  December,  1891. 

8.  Annual  Report  of  the  Geological  Survey  of  Arkansas  for 
1890.  Vol.  II,  The  Igneous  Rocks  of  Arkmisaa,  by  J.  Francis 
Williams,  457  pp.,  8vo,  1891.  John  C.  Branner,  State  Geolo- 
gist.— This  country  affords  no  more  interesting  series  of  igneous 
rocks  than  the  elajolite-syenites  and  related  rocks  of  Arkansas, 
which  Dr.  Williams  discusses  with  admirable  thoroughness  in  this 
volume.  It  is  at  the  same  time  a  nearly  new  field,  for  though  the 
many  rare  and  interesting  minerals,  particularly  of  the  Magnet 
Cove  region,  have  been  long  known  and  often  described,  but  little 
has  been  published  in  regard  to  the  nature  and  occurrence  of  the 
rocks  with  which  they  are  associated.  Four  regions  are  enumer- 
ated, in  which  these  rocks  occur  :  (1)  that  of  Pulaski  county  or 
Fourche  Mountain  ;  (2)  of  Saline  County ;  (3)  of  Magnet  Cove  and 
(4)  the  Potash  Sulphur  Springs.  The  Fourche  Mountain  rocks 
which  are  largely  used  for  building  y)urpo8e8,  include  the  "blue 
granite"  here  named  ptdaskitey  a  rock  with  trachytic  structure 
consisting  of  orthoclase,  bioiite,  hornblende  with  but  little  augite, 
elseolite,  sodalite,  etc.;  also  the  ''gray  granite,"  or  elx»olite-syenite ; 
further  a  variety  of  dike  rocks ;  tliere  are  also  certain  augitic  rocks 
to  one  of  which — a  kind  of  monchiquite  (Rosenbusch) — the  name 
fourchite  is  given,  while  a  sub-group  under  this  is  called  ouachi- 

tite.     The  most  varied  and  interesting  of  the  regions  named  is 
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tbst  widely  known  bjr  the  name  of  Magnet  Cove,  where  then  \t 
an  extensive  development  of  rocks  of  the  elffiolite-syenite  type 
and  with  them  certain  remarkable  leucititio  dike  rocks  of  very 
high  interest.  These  contain  large  cryBtals,  HometimeB  nearly  U 
inch  across,  of  psendoleucite  crystals  now  entirely  altered  to  ■ 
mixture  of  orthoclasc  and  cleeolite,  also  elseolite,  orthoclase, 
eegirite,  pyroxene,  biotite,  etc.  The  author  discusses  these  rare 
types  of  rocks  with  groat  fulness  and  also  the  varioaa  contact 
rocks  and  contact  minerals  of  the  whole  region.  The  latter  in- 
clude those  of  the  quartz  and  sandstone,  as  brookite,  rutile,  etc., 
also  those  of  the  calcite,  inclading  perofskite,  vesnvianite,  monti- 
cellite  and  others. 

This  volume  of  Dr.  Williams  is  a  model  of  careful,  thoroarb 
work,  honorable  alike  to  the  author  and  to  the  State,  and  its 
varied  contents  have  been  hardly  more  than  hinted  at  id  this 
notice.  It  eains  an  additional  and  melancholy  interest  from 
the  fact  that  it  was  the  chief  and  last  work  of  its  lamented 
author,  who  did  not  live  to  see  it  in  complete  form;  it  is  stated 
that  the  disease  which  so  abruptly  closed  his  labors  was  contracted 
during  the  work  in  the  field  which  is  here  recorded. 

III.  Botany  and  Zoology. 
1.  On  tper.ifio  AMimiiation  in  Wmbelliferce. — M.  G^eau  di 
Lamakliebk  (Comptes  rcndus,  July  27th,  1891),  recounts  the  re- 
sults of  interesting  experiments  on  leaves,  conducted  in  the 
Biological  Laboratory  at  Fontainbleau,  under  the  directioo  of 
M.  Gaston  Bonnier.  The  Order  UmbtUiferae  presents  good  male- 
rial  for  the  compansoji  of  the  amount  of  assimilation  in  differesl 
leavfH  of  the  same  area.  The  activity  of  assimilation  in  dissected 
leaves  is  appreciably  greater  than  from  the  same  surface  of  leaf 
in  a  single  segment.  This  difference  is  uniformly  correlated  witb 
the  minute  structure:  dissected  leaves  in  this  order  have  two  or 
more  layers  of  palisade-pareiicliyma;  while  simple 
those  having  large  segments  possess  only  a  single  lavi 
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2.  JSffeets  of  certain  poisons  on  the  germination  of  seeds. 
Ch.  Cornsvik  (Comptes  rendus,  Aug.  3,  1891). — ^The  author  in- 
vestigated the  effect  of  a  toxic  extract  of  certain  seeds  upon  the 
germination  of  the  seeds  of  that  species.  For  this  series,  Sapo- 
nins, which  abounds  in  Agrostenima  Oithago^  and  Cytisine,  in 
the  seeds  of  Cytisus  Laburnum^  were  made  to  act  for  from  six  to 
forty-eight  hours  on  the  seeds  of  the  respective  plants,  by  the 
side  of  onpoisoned  seeds  used  for  control.  These  poisons  did  not 
hinder  the  progress  of  germination. 

A  second  series  was  designed  to  determine  the  effects  of  poisons 
originating  in  some  other  part  of  the  plant  on  the  germination  of 
seeds  of  that  species.  Nicotine  from  tobacco,  and  opium  from 
the  poppy  were  employed.  Seeds  of  tobacco  immersed  in  a  solu- 
tion of  nicotine,  1 :  150,  were  retarded  for  48  hours  in  their  germi- 
nation. On  the  other  hand,  opium  appeared  to  hasten  the  germi- 
nation of  the  seeds  of  the  poppy,  but  further  examination  showed 
that  the  complex  substance  should  be  studied  with  reference  to 
its  constituents.  Three  alkaloids  hastened  the  germination, 
namely,  narcotine,  codeine,  and  narceine;  while  two  had  no 
effect,  morphine  and  thebaine ;  and  one  retarded  the.  process, 
papaverine.  o.  l.  o. 

3.  Proofs  of  land-commvnieation  between  Europe  and  America 
during  the  ^^ modern^'*  age  of  the  earth, — M.  I^milb  Blanchabd 
(Gomtes  rendus,  July  20,  1891),  cites  numerous  examples  of  or- 
ganisms common  to  the  two  continents,  and  appeals  to  these  as 
proofs  that  the  continents  were  formerly  united  together  in  a 
line  drawn  from  Scotland  through  Iceland  to  Greenland.  The 
plants  which  he  enumerates  are  certain  Anemones,  Cruciferce^ 
violets,  Stellarias,  numerous  JRosaceoB,  especially  Spiraeas  and 
Potentillas.  Further,  are  to  be  mentioned  many  Saxifrages,  Epi- 
lobioms,  and  Caprifoliacew,  ScrophtdariacecBy  Labiatos^  Borra- 
ginaceoBy  and  Gentianacece^  among  herbs :  Alders,  Willows,  and 
Junipers,  and  the  Yew,  among  aborescent  forms.  It  will  be 
observed  that  M.  Blanchard  carries  his  list  much  beyond  the 
ordinary  limits  of  the  boreal  species  common  to  both  continents. 
There  is  nothing  particularly  new  in  the  view  expressed,  but  the 
illustrations  are  many  and  to  the  point.  Besides  the  species  of 
plants,  he  mentions  a  large  number  of  insects,  fishes,  and  quad- 
rupeds, which  exist  in  specific  identity  on  both  sides  of  the 
Atlantic.  g.  l.  g. 

4.  Comparative  Anatomy  of  Plants, — Ad.  Chatin,  in  pre- 
senting to  the  French  Academy  the  last  fascicle  of  his  histology 
of  Phanerogamous  Parasites,  calls  attention  to  the  date  of  the 
beginning  of  his  researches.  The  original  Thesis  was  propounded 
in  1840,  and  the  present  work,  based  thereon,  was  begun  in  1854. 
The  parts  have  been  issued  at  intervals  ever  since,  and  have  main- 
tained throughout  a  definite  character  of  their  own.  A  work  cov- 
ering so  long  a  period,  and  developed  under  the  diverse  influences 
of  different  phases  of  scientific  thought  must  always  possess  a 
peculiar  historical  interest.     The  author  began  his  work  when 
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there  could  not  be  eaid  to  be  aoytliing  like  a  comparative  bistol- 
ogy,  in  our  sense  of  tlie  t^m,  aria  it  hna  been  continued  tbroagb 
years  which  have  given  to  us,  on  every  band,  contribuiiooi  in 
every  department  of  the  pubject.  We  can  inia|;ine,  therefore,  the 
satisfaction  which  the  author  takes  now  in  noting  the  general  re- 
iults  obtained  by  himself  and  by  others  who  have  worked  in  the 
same  fiuld,  in  establiiihing  a  comparative  histology  for  technieil 
and  morphological  endp.  Even  if  the  author  did  not  inangnratt 
the  movement,  he  has  participated  in  it  from  the  verj-  ooteet. 

G.  L.a. 
fi.  M.  Li'CTEN  Daniel  (Comptes  rendus,  Sept.  21,  1891],  Bami 
np  the  results  of  hiH  cxpei'imentB  on  root-grafiing  as  follows:— 

(1)  we  can  often  obtain  grafts  on  the  roots  of  closely  allied  planU 

(2)  The  graft  may  succeed  without  bringing  the  generative  layen 
in  contact.  (3)  iSomelimes  we  can  gralt  a  plant  on  the  root  of 
another  belonging  to  an  entirely  different  family;  Saponaria  on 
an  Otiaffracea,  for  example.  (4)  The  lack  of  success  in  moA 
oases  can  be  explained  by  the  obstacle  which  the  membranes  of 
the  graft  pre.sent  to  the  passage  of  nutritive  matters.        a.  i>  a. 

6.  Two  communications  in  recent  numbers  of  Comptes  rendu*, 
are  of  considerable  interest  to  vegetable  physiologists,  bat  of 
greater  importance  to  Horticulture.  Lgchartikb  (Oct.  12,  ISOi), 
shows  that  the  leaves  of  artichokes  which  turn  yellow  and  then 
darker,  fading  away  and  wilting,  towards  the  close  of  the  season, 
yield  up  their  food  to  the  ripening  parts  in  a  very  steady  manner. 
Hesri  Becquekel  (Oct.  19,  1891),  gives  the  results  of  his  exun- 
inaiion  of  soil  temperatures  during  the  winter  of  1890-91. 

1.  BouRQUKLOT  (Comptes  rendus,  Nov.  23, 1691),  has  examined 
the  different  parts  of  Jiuhttii  edulis  and  aiirantiacug,  with  refCT- 
cnce  to  the  distnbution  of  the  nutritive  matters  therein  contained. 
These  fungi  agree  in  this;  they  contain  most  of  their  food  in  the 
forms  trehalose  and  glucose,  mostly  the  former,  in  the  stalk,  anil 
rini,  and  not  in  the  so-called  lubes.  The  foot  or  stalk  eoDtains 
about  twice  as  much  as  the  rim.  «.  l.  g. 
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LSt  of  Northumberland.  His  method  of  iDvestigation  was  like 
kt  of  Darwin  on  earthworms.  His  results  show  that  while  the 
thworms  studied  by  Darwin  brought  to  the  surface  in  four 
€8  14-58,  18"12,  V*56  and  15-1  tons  per  acre  annually,  the  Lob- 
rms  bring  up  136  times  this  amount  in  the  same  time.  In  his 
trials  he  obtained  per  acre  901,  3146,  3147,  449,  396,  329  tons 
•  acre.  The  average  is  47,237  cubic  feet  annually  per  acre; 
ich  corresponds,  after  drying  and  pressing,  to  a  layer  13  inches 
ck.  The  Lobworms  burrow  to  a  depth  of  1 2  to  24  inches ; 
i  taking  the  higher  figure,  "the  layer  of  sand  in  which  they 
e  must  on  an  average  pass  through  their  bodies  once  in  22 
nths."  Fresh  sand  is  being  continually  placed  by  them  within 
5  wearing  action  of  the  sea.  The  surface  over  which  they 
iur  is  inclined ;  and  at  the  touch  of  the  water,  the  casting  sinks 
wu  and  swells  out  at  the  base,  more  of  it  flowing  down  the 
pe  than  up.  It  thus  loses  its  vermiform  appearance  and  is 
inged  to  a  low  mound  elongated  downward  or  completely 
.tened  out. 

IV.   Astronomy  and  Terrestrial  Physics. 

I.  Periodic  Variation  of  Latitude, — The  observations  of  Dr. 
Istner  at  the  Berlin  Observatory,  published  in  1888,  indicated 
(  surprising  phenomenon  of  the  variation  of  the  geographical 
itude  of  Berlin,  to  the  extent  of  nearly,  if  not  quite,  half  a 
end.  This  announcement  was  received  by  astronomers  with 
isiderable  hesitation,  and  only  the  known  accuracy  of  the 
thods  of  the  Berlin  Observatory,  together  with  the  established 
;h  reputation  of  the  observer,  secured  for  it  the  careful  atten- 
D  which  its  apparent  improbability  might  otherwise  have  pre- 
ited.  Various  explanations  were  suggested:  among  them 
ne  possible  difference  between  the  atmospheric  refraction  north 
1  south  of  the  zenith  :  also,  since  the  variation  seemed  to  be  an 
laal  one,  some  influence  connected  with  the  changes  of  the 
Bons:  also  some  imaginable  systematic  errors  in  the  declina* 
ns  of  the  stars  employed,  varying  with  their  right-ascensions. 
rbe  International  Geodetic  Association  deputed  Prof  llelmert, 
ector  of  its  Central  Bureau,  to  arrange  for  concurrent  action 
various  observatories  for  investigating  the  nature  of  the  varia- 
ns  in  question,  a  plan  which  was  eflfectively  carried  out.  An 
borate  collection  and  discussion  of  more  than  5000  latitude 
terminations  was  presented  by  Dr.  Albrecht  to  the  Association. 
e  simultaneous  observations  at  Prague  and  Potsdam  gave 
alts  in  perfect  conformity  with  those  made  at  Berlin,  and  it 
>n  became  manifest  that  the  phenomenon  was  no  local  one,  but 
It  all  the  latitude-determinations  at  the  several  places  gave 
mordant  indications  of  simultaneous  fluctuations  in  1889  ex- 
uding the  half  of  a  second.  Later  the  hypothesis  that  the 
riod  of  the  variation  was  annual  was  disposed  of  by  evidence 
it  the  various  latitudes  determined  in  1890  were   in   general 
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smaller  hy  abont  0''2  tbao  those  observed  tt  the  same  aeason  in 
1889. 

The  well-known  theoretical  period  of  ten  moiithH,  ongiimllf 
deduced  by  Euler,  had  been  shown  Huccessively  by  PeterB,Syiw) 
aod  Newcomb,  afler  careful  comparison  of  various  series  of  obKr> 
vations,  to  mnnifeflt  little  or  no  trace  of  real  existence.  The 
supposed  secular  changes,  on  which  Fergola,  supported  bj 
Scniaparelli,  had  based  propositions  for  further  investigatioD,  had 
similarly  been  shown  by  Prof.  Hall  to  be  questionable.  Latar, 
Radau  and  Ilclmert  published  researches,  in  which  it  was  pointed 
out  that,  an  epicyclkal  combination  of  the  ten-months'  period 
with  one  of  several  years'  duration,  commensnrable  with  it, 
would  give  a  resultant  inequality  of  the  latitude  having  s  period 
of  from  eleven  to  liftcen  months,  and  the  particular  character  of 
which  would  depend  on  the  coefficients  assumed. 

The  observed  variations  of  latitude  might  of  course  be  ex- 
plained by  a  change  either  in  the  position  of  the  zenith  or  in  thit 
of  the  pole.  To  decide  this  question,  as  well  as  to  confirm ordis- 
prove  tlie  assumption  that  the  observed  motion  is  common  to  the 
whole  globe,  the  Geodetic  Association  equipped  and  sent  oat  u 
expedition  to  establish  a  station  at  Honolulu,  a  point  differing  by 
about  180°  in  longitude  from  the  i-egion  in  wbicb  the  Oermui 
observations  had  already  been  made.  The  observer.  Dr.  Marcose, 
was  instructed  to  make  continual  determinations  of  the  latitude, 
by  Talcott's  method,  for  a  full  year.  And,  that  the  detenniai- 
lions  might  be  fully  confirmed,  the  U.  S,  Coast  and  Geodetic 
Survey  was  invited  also  to  send  an  observer,  with  anotber  iastm- 
ment,  to  the  same  place,— an  invitation  which  an  appropriation 
from  the  Bache-  fund  of  the  National  Academy  enabled  tbe 
Superintendent  to  accept.  Accordingly  he  deputed  Mr.  Preit(>n, 
an  experienced  assistant  of  the  Survey,  to  make  these  indfr 
pendent  determinations.  Meanwhile  the  observations  in  Europe, 
were  continued,  and  with  mutually  confirmatory  results.  More- 
r  Dr.  Nyrdn  brought  to  the  Astronomical  Congress  at  Munich, 
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leterminatioDS  at  both  places,  and  the  observations  therefore 
nade  at  times  differing  oy  twelve  hours.  The  inevitable  infer- 
nce  is  that  the  changes  observed  are  not  in  the  position  of  the 
eleatial  pole,  bat  in  that  of  the  zenith ;  in  short,  that  the  phe- 
lomenon  is  not  one  of  nutation,  strictly  speaking,  but  rather  a 
hanee  in  the  position  of  the  terrestrial  pole,  affecting  the  geo- 
graphical latitude  of  the  point  of  observation. 

In  Nos.  248-251  of  the  Astronomical  Journal  are  a  series  of 
rticles  by  Dr.  S.  C.  Chandler,  giving  the  result  of  his  later  in- 
'estigations  of  this  periodical  variation.  In  1884,  '85  he  had 
nade  a  series  of  determinations  of  the  latitude  of  Cambridge, 
rith  his  then  newly  invented  instrument,  the  Almucantar. 
These  showed  a  curious  progression  in  the  values  obtained  for  the 
atitude,  to  which  he  called  attention  in  the  Astronomische  ^ach- 
iohten  as  early  as  May,  1885.  A  continuation  of  the  observa- 
ions  confirmed  the  phenomenon,  and  a  new  discussion  of  the 
v^hole,  with  this  fuller  material,  has  given  almost  identical  results; 
ind  showed  both  a  maximum  and  a  minimum,  as  well  as  a  period 
>f  about  fourteen  months.  The  further  discussion  of  this,  and 
various  other  series  of  observations  in  which  similar  unexplained 
anomalies  had  been  found,  led  him  to  the  general  result  that  the 
Mirth's  axis  of  figure  is  revolving  around  that  of  rotation,  from 
nreat  to  east  in  a  period  of  427  days;  so  that  one  pole  revolves 
About  the  other  in  a  circle,  the  radius  of  which  is  about  thirty 
feet. 

After  discussing  various  series  of  observations  suitable  for  the 
purpose.  Chandler  has  arrived  at  the  conclusion  that  the  adoption 
of  this  hypothesis  affords  the  true  solution  of  various  discord- 
ances which  have  long  perplexed  astronomers.  Incidentally  he 
points  out,  as  a  probable  result  of  the  incorporation  of  this  new 
anomaly  in  the  latitude,  that  the  value  of  the  constant  of  aberra- 
tion, now  commonly  employed  in  preference  to  Struve's,  is  likely 
to  prove  too  large ;  and  that  Struve's  value  is  nearer  the  truth. 
By  a  comparative  discussion  of  simultaneous  observations  made 
at  Melbourne,  Leyden,  Pulkowa  and  Washington,  he  demon- 
strates that  the  phenomenon  is  not  simply  local  or  regional,  but 
is  terrestrial.  He  furthermore  shows  that  Bradley's  zenith-sector 
observations,  which  originally  led  to  the  discovery  of  aberration 
and  nutation,  also  reveal  the  effect  of  the  periodic  latitude'-varia- 
tion  with  remarkable  distinctness,  and  finds  that  these,  as  also 
various  other  series,  indicate  that  the  period  has,  in  general,  been 
lengthening  since  the  last  century.  But  he  infers  that,  so  far  as 
can  be  recognized  at  present,  the  lengthening  of  the  period  has 
not  proceeded  according  to  any  regular  law,  but  appears  to  a  cer- 
tain extent  capricious ;  and  moreover  that  there  is  some  relation 
between  the  amplitude  and  the  period  of  the  variation. 

In  No.  251  of  the  same  Journal  Prof.  Newcomb  points  out  that 
;be  427-day  period  is  perfectly  consistent  with  dynamic  laws, 
unce  we  may  suppose  the  deviation  from  Euler's  theoretic  value 
;o  be  due  to  imperfect  rigidity  of  the  earth  and  to  the  fluidity  of 
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the  ocean ;  the  joint  cffeot  of  these  tending  to  produce  an  i^ 
proaol)  of  the  two  poles  and  a  lengthening  of  the  period  of  nit- 
tion.  He  thinks  that  the  modulus  of  the  eartb'a  elasticity,  dedn- 
cible  from  Chandler's  period  will  probably  prove  oonsiatent  with 
that  which  Sir  Wm.  Thomson  indicates  as  requisite,  in  order  to 
account  for  tidal  phenomena.  b.  a.  o. 

2.  A^tronotnij  (l>vi  Antro-Pkt/tict-,  Jannarv,  1892.  Edilon: 
Wm,  W,  Paynb,  Goodaell  Observatory,  Xorthfield,  Minn.,  and 
Gboboe  E,  Ua^le,  Kenwood  Astio-physical  Observatory,  Chicago. 
-^This  new  Journal  is  in  part  a  continuation  of  the  well  knovD 
Sidereal  Messenger,  but  with  this  is  coupled  a  new  departmeni 
devoted  particularly  to  spectroscopy  and  astro-physics.  The  firs: 
number,  containing  a  variety  ul  valuable  and  well  illustrated 
papers,  gives  a  highly  favorable  impression  of  this  new  periodicil 
and  promises  much  for  its  success  in  the  future. 

V.    MiacELLANEous  Scientific  Intelligence. 

1.  Easaya  upon  Heredity  and  kindred  Biological  Probkmihj 
Dr.  August  W  kiss  mash.  Prof.  Univ.  Freiburg  in  Breisgsn. 
Edited  by  E.  B.  Poitlton,  M.A.,  F.R.S.,S.  ScHaNT.ASD,  Pb.D.,  and 
A.  E.  San-i.KY,  M.A.,  F.L.S.  Vol.  I,  472  pp.,  8vo.  Oxford,  189] 
(in  New  York,  Macmillan  &  Co.). — The  second  edition  of  th* 
English  translation  of  Prof.  Weissmann's  remarkable  essays  is  in 
course  of  publication  and  the  first  volume  has  just  been  issued.  It 
contains  tlie  essays  on  the  Duration  of  Life  ;  on  Heredity  ;  on  Of« 
and  Death  ;  on  the  Continuity  of  the  gerra-plasra  as  the  foundi- 
tion  of  a  theory  of  Heredity  ;  on  the  number  of  polar  bodies, 
and  their  significance  in  Heredity  ;  on  the  supposed  Botauicil 
proofs  of  the  transmission  of  acquired  characters  ;  on  the  sup- 
posed transmission  of  mutilations.  The  second  volume  willojn- 
sisl  of  four  additional  essays  with  a  preface  by  Prof.  WeissmaniL 

2,  Oalie-dd^a  Klaagiker  der  exitkten  Wissenacha/te/t.  (Wm. 
Euiit^liuann,  Leipzig). — The    volumes   of   this    series    last  issaeil 
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.  Modern  American  Methods  of  Copper  SmeUing^  by 
WABD  Dyeb  Pstbrs,  Jr.  Second  Edition,  revised  and  en- 
^ed.  398  pp.,  8vo.  New  York,  1891.  (The  Scientific  Pub- 
ling  Co.). — rhe  first  edition  of  this  valuable  work  appeared 
le  foar  years  since  and  was  at  that  time  noticed  in  this  u  carnal 
jcv,  88).  In  the  second  edition  now  issued,  the  work  is 
roQghly  revised,  with  the  addition  of  considerable  new  matter 
ich  should  make  it  still  more  widely  useful. 

OBITUARY. 

)r.  Joseph  Lovbring,  for  many  years  Professor  of  Mathe- 
bios  and  Natural  Philosophy  at  Harvard  University,  died  on 
18th  of  January  at  the  age  of  seventy-eight.  He  was  born 
[^harlestown,  Mass.,  Dec.  25,  1813.  In  1836,  three  years  after 
graduation  at  Harvard,  he  was  appointed  tutor  of  mathematics 
I  physics  at  that  institution,  and  two  years  later  he  began  the 
ies  of  his  professorship ;  this  position  he  held  until  his  death, 
lough  some  three  years  since  he  was  relieved  from  active 
or.  In  addition  to  his  college  work,  he  gave  nine  courses  of 
ilve  lectures  each,  before  the  Lowell  Institute,  and  other  briefer 
irses  before  the  Smithsonian  Institution,  the  Peabody  Institute 
Baltimore  and  at  other  points.  From  1867-76,  he  was  con- 
ted  with  the  U.  S.  Coast  Survey,  and  had  charge  of  the  com- 
ations  for  detertniuing  by  cable  trans-atlantic  longitudes.  He 
s  elected  a  member  of  the  National  Academy  of  Sciences  in 
3,  and  in  1879  he  received  the  degree  of  LL.D.  from  Harvard. 
•  nearly  twenty  years  he  was  the  permanent  secretary  of  the 
lerican  Association,  and  in  this  latter  capacity,  edited  fifteen 
umes  of  the  proceedings  of  the  association.  In  1873  he  was 
de  its  president;  his  presidential  address  upon  the  Mathe- 
tical  and  Physical  state  of  the  Physical  Sciences,  is  published 
io\,  viii,  (1874)  of  this  Journal.  Several  of  his  physical  papers 
'6  appeared  in  this  Journal,  and  many  others,  a  partial  record  of 
active  life,  are  to  be  found  in  the  publications  of  the  American 
stdemy  of  Arts  and  Sciences  and  elsewhere.  He  leaves  a 
low,  two  sons  and  two  daughters. 

ViLLiAM  P.  Rust,  who  for  a  number  of  years  was  in  the 
ploy  of  the  XJ.  S.  Geological  Survey  as  a  collector,  was  taken 
denly  ill  while  engaged  in  his  work  at  the  celebrated  Trilobite 
ility,  near  his  home  at  Trenton  Falls,  N.  Y.j  and  died  a  few 
rg  thereafter  (on  the  17th  day  of  October,)  1891,  aged  6o 
.rs.  Mr.  Rust  was  connected  with  the  work  of  Mr.  Charles  D. 
ilcott  upwards  of  twenty  years,  and  collected  large  series  of 
lils  under  his  direction.  He  also  made  large  collections  of 
»nton  fossils  that  are  now  in  the  Museum  of  Comparative 
)logy,  Cambridge,  Mass.,  the  New  York  State  Museum,  the 
seum  of  Cornell  University  and  in  the  National  Museum.  His 
I  in  working  out  the  trilobites  and  other  fossils  from  the 
>nton  and  the  Chazy-Calciferous  limestones  in  New  York  and 
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Yermont  bas  giren  to  the  colleotioDS  made  by  him  s  value  thu 
places  him  amongst  'the  contributors  to  the  advancement  of 
American  paleontology.  c.  d.  w. 

Sia  Andkkw  Crouhie  Ramsat,  Director-General  of  the  Geo- 
logical Survey  of  Great  Britain  from  ls7l  to  the  close  of  1B8I, 
died  on  the  9th  of  December,  1891.  His  vanons  geological  in- 
vestigationB  gave  him  high  rank  among  geologists,  and  brought 
him  many  honors.  He  was  elected  President  of  the  Creolopcal 
Society  in  1862'and  President  of  the  British  Association  in  1880, 
and  was  knighted  in  1881,  when,  on  account  of  the  condition  of 
his  health,  he  resigned  his  connection  with  the  Geological  Survey. 
As  a  biographiciil  notice  in  Nature  by  his  successor  in  the  Surver 
writes,  "the  news  of  his  death  will  carry  regret  into  the  hetru 
of  many  men  of  science  all  over  the  world."  The  notice,  in  it) 
closing  paragraph,  portrays,  as  follows,  a  side  of  his  character 
not  well  known  m  America. 

"There  was  in  Sir  Andrew  Ramsay  such  simplicity  and  fnnk- 
ness  that  men  of  the  most  diverse  natures  were  attracted  to  him, 
and  as  they  came  to  know  him  more  intimately,  the  gaiety  and 
kind  hearted  ness  of  his  disposition  attached  them  to  him  m  the 
closest  friendship.  Fond  of  literature,  and  glad  to  relieve  the 
pressure  of  his  scicntiHc  work  by  excursions  into  the  literary  field, 
tie  had  acquired  a  range  of  knowledge  and  of  taste  whic'h  gave 
a  special  interest  to  his  conversation.  Now  and  then  he  foand 
time  to  write  an  article  for  the  Saturday  Revieto  in  which  thii 
literary  side  of  his  nature  would  find  scope  for  its  ejcercise.  Bat 
the  daily  grind  of  the  official  treadmill  left  him  all  too  little  time 
for  such  diversions.  His  death  removes  from  our  midst  one  ot 
the  foremost  geologists  of  our  day,  and  from  the  friends  who 
knew  him  in  his  prime,  a  large-hearted,  lovable  man,  whoae 
memory  they  will  cherish  till  they  too  pass  away. 

Dr.  Fbrb'inam)  vos  Roimbr,  Professor  of  Geology  and  Pale- 
ontology in  the  University  of  Breslau,  and  long  an  able  and  active 
laborer  in  these  departments,  died  at  Breslau,  on  the  14th  of  De- 


THE 


AMERICAN  JOURNAL  OF  SCIENCE 


[THIRD   SERIES.] 


-»«^ 


Abt.  XX. — Mt  St.  Eliaa  and  its  Glaciers  ;*  by  Israel  C. 

KussELL.    With  a  map,  Plate  IV. 

The  National  Geographic  Society,  in  connection  with  the 
TI.  8.  Geological  Survey,  has  sent  two  exploring  parties  to  Mt. 
St.  Elias,  Alaska.  The  first  in  the  summer  season  of  1890, 
and  the  second  a  year  later.  The  object  of  these  expeditions 
was  to  explore  the  region  about  Mt.  St.  Elias,  and  learn  as 
much  as  possible  of  its  geography  and  geology,  and  if  prac- 
ticable to  climb  the  mountain  itself,  which  is  thought  to  be 
the  highest  summit  on  the  North  American  continent. 

I  had  charge  of  each  expedition,  and  it  is  my  object  to  give 
here  a  brief  account  of  the  country  explored. 

The  southern  shore  of  Alaska  is  probably  as  wild  and  inhos- 
pitable as  any  coast  in  the  world.  Lofty  mountains,  snow-clad 
thronghout  the  year,  rise  almost  directly  from  the  ocean,  and 
send  down  not  only  scores  but  hundreds  of  glaciers  to  sea- 
level.  From  Cross  sound  to  Kayak  island,  a  distance  of  300 
miles,  there  is  only  one  break  in  the  iron>bound  coast,  in  which 
ships  can  take  refuge,  that  is  Takntat  bay,  lifty  miles  east  of 
Mt.  St.  Elias.  On  the  east  side  of  Yakutat  bay  near  its 
entrance,  there  is  an  Indian  village,  a  mission  and  a  trading- 
station.  This  is  the  nearest  human  habitation  to  Mt.  St.  Elias, 
and  was  the  basis  from  which  we  began  our  explorations. 

*  Abttract  of  a  lecture  before  the  Geological  Society  of  America,  at  Columbus, 
Ohio,  Dec.  29,  1891. 

Am.  Joub.  Sol— Thikd  Suubb,  Vol.  XLllI,  No.  255.— March,  1892. 
11 
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ExpetUtion  o/I8flO.* 

In  1890,  I  left  the  Mission  at  Yakiitat,  early  in  June,  witl 
eight  companions,  and  proceeded  by  boat  to  near  the  head  of 
Yakntat  bay,  where  our  tramp  toward  the  interior  began. 
We  worked  our  way  slowly  northwestward  towards  Mt  Sl 
Elias  for  fifty  milea  across  mountain  epurg  and  overgUciere. 
More  than  nine-tenths  of  the  journey  was  over  rough  ice  or  od 
the  n^ves  from  which  the  glaciers  flow.  We  reached  an  elec- 
tion of  7500  feet  on  the  north  aide  of  Mt.  St,  Elias,  bet  were 
caught  in  the  early  winter  storuiB  and  forced  to  retreat, 

During  this  journey  we  became  acquainted  especially  with 
the  great  neve  fields  un  the  mountains,  and  explored  a  large 
part  of  the  northern  border  of  tite  great  Piedmont  glacier, 
which  IB  of  the  nature  of  a  vast  lake  of  ice,  formed  by  the  union 
and  expansion  of  several  large  Alpine  ice  streams  on  the  plain 
intervening  between  the  mountains  and  the  sea.  This  veritable 
J/«r  f/«  ^/^cfi  is  known  as  tbe  Malaspina  glacier.  It  wasthm 
named  hy  the  Superintendent  of  the  U.  S,  Coast  SurMj 
several  years  since,  in  honor  of  Don  Alejandro  31  alas  pin  a,  an 
Italian  explorer  in  the  service  of  Spain,  who  visited  the  bodiIi- 
eni  coast  of  Alaska  in  1 792  The  Malaspina  is  the  most  inter 
esting  of  all  the  gtaciere  in  the  SL  Eliae  region,  and  will  be 
briefly  described  a  few  pages  in  advance. 

ErpeiJition  of  1891. 

Early  in  June  of  the  present  year,  I  returned  to  the  St 
Elias  region,  and  after  calling  at  the  Mission  at  Yakatsl, 
landed  at  what  is  known  as  Icy  bay,  fifty  miles  west  of  Yakn- 
tat buy,  and  there  began  again  the  study  of  the  geography  and 
geology  of  the  region  to  which  I  wish  to  direct  attention. 

With  five  camp  tiands  for  companions,  I  crossed  the  Mala- 
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3rth  of  the  St.  Elias  range.  The  day  was  unusually  beau- 
fill  and  a  strange  land,  which  had  never  before  been  seen 
5^  man,  lay  spread  out  like  a  map  beneath  our  feet.  Hav- 
iff  previously  crossed  the  mountain  system  of  which  the  St 
lias  range  forms  a  part,  some  200  miles  east  of  Mt.  St  Elias, 
ad  traversed  the  countrv  to  the  northward,  I  expected  on  reach- 
ig  the  divide  between  Mt.  Newton  and  Mt.  St.  Elias,  to  behold 
similar  region.  I  pictured  to  myself  a  comparatively  low  for- 
ited  land,  mterspersed  with  lakes,  and  divided  by  streams,  and 
erbaps  giving  some  signs  of  human  occupation.  But  I  was 
ntirely  mistaken.  W  hat  did  meet  my  astonished  gaze  was  a  vast 
Qow-covered  region,  limitless  in  its  expanse,  through  which  hun- 
reds  and  probably  thousands  of  barren,  angular  mountain  peaks 
project.  There  was  not  a  stream,  not  a  lake,  and  not  a  vestige  of 
egetation  in  sight.  A  more  desolate  or  a  more  utterly  lifeless 
and  one  never  beheld.  Vast,  smooth,  snow  surfaces,  without 
trevasses  or  breaks,  stretched  away  to  seemingly  limitless  dis- 
ances,  diversified  only  by  jagged  and  angular  mountain  peaks. 
Che  general  elevation  of  the  snow  surface  is  about  8,000  feet, 
i^hile  the  mountain  peaks  which  pierce  it  are  from  ten  to  twelve 
:hon8and  feet  or  more,  in  altitude  above  the  sea.  To  the  north 
[  could  see  every  detail  in  the  forbidding  landscape  for  miles 
ELnd  miles.  The  most  distant  peaks  in  that  direction  were 
forty  or  fifty  miles  away.  To  the  southeast  was  Mt.  Fair- 
weather,  sharply  defined  against  the  sky,  although  200  miles 
distant.  About  an  equal  distance  to  the  northwest  are  two 
prominent  mountain  ranges,  the  highest  peaks  of  which  ap- 
peared to  be  as  lofty  as  Mt.  Fairweather.  These  are  in  the 
vicinity  of  Mt.  Wrangell,  but  no  volcanic  vapor  could  be  seen 
about  them.  Whether  any  one  of  them  was  Mt  Wrangell  or 
not  I  was  not  able  to  decide. 

The  view  to  the  north  called  to  mind  the  pictures  that  ex- 
plorers give  of  the  borders  of  the  great  Greenland  ice  sheet, 
where  many  rocky  islands,  known  as  ntmataks,  alone  break 
the  monotony  of  the  boundless  sea  of  ice.  The  region  before 
me  was  a  land  of  nunataks. 

If  those  of  my  readers  who  are  familiar  with  the  Great 
Basin  of  the  Far  West,  will  fancy  the  most  desolate  portion  of 
that  arid  region  buried  beneath  a  thousand  feut  of  snow  and  ice, 
leaving  only  the  southern  slopes  of  the  most  rugged  peaks 
exposed,  they  will  have  a  mental  picture  of  tlie  land  of  desola- 
tion north  of  Mt.  St.  Elias. 

Owing  to  long  continued  stormy  weather,  we  were  forced  to 
abandon  the 'hope  of  reaching  the  summit  of  Mt.  St.  Elias  and 
returned  to  Icy  bay. 

On  reaching  the  flat  lands  along  the  ocean,  near  the  mouth 
of  the  Yahtse,  we  measured  a  base  line  three  miles  long  and 
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obtained  the  necessary  measnremeDts  of  aof^les  for  detennin- 
iDg  the  height  of  Mt.  St  Eliaa  and  of  a  few  of  its  neiehbon. 
ConiputatioDs  based  on  these  measDrements,  shov  that  Mt  St 
Elias  has  an  elevation  of  18,100  feet,  plus  or  minus  a  probable 
error  of  lees  than  100  feet. 

From  Ic;  bay  we  tramped  eastward  alone  the  coast  to  the 
head  of  Yakiitat  bay,  and  thus  became  familiar  with  the  outer 
border  of  the  Malaspina  glacier.  After  reaching  the  bead  of 
Takutat  bay  we  explored  the  continuation  of  tne'same  inlet, 
known  as  Disenchantment  bay.  The  entrance  to  the  inner 
bay  was  discovered  by  Malaspina  in  1791,  while  searching  for 
a  passage  between  the  Pacific  and  the  Atlantic  Atfinttbe 
opening  in  the  mountains  at  the  head  of  Takutat  bay,  gave 
hope  tliat  the  long-looked  for  "  Northwest  Passage  "  had  been 
foond,  but  on  entering  it  Malaspina  learned  his  mistake  andu 
an  indication  of  his  disappointment,  named  the  inlet  "  Puerto 
del  DesengaHo,"  which  has  been  changed  by  English  writers, 
to  "  Disenchantment  bay,"  y 

When  Disenchantment  bay  was  discovered,  the  Hubbard       \ 
and  Dalton  glaciers  Iiad  a  greater  extension  than  at  present  and        1 
uniting  at  Haenke  island,  blocked  the  inlet  from  shore  to  shore 
with  a  wall  of  ice  similar  to  that  now  formed  by  the  Hubbard 
glacier. 

Disenchantment  bay  was  next  visited  by  Capt  Puget  of 
Tanconver'a  expedition,  in  1794,  and  was  found  to  be  blocked' 
by  ice,  as  had  been  described  by  Malaspina. 

This  is  the  last  report  we  have  of  the  condition  of  the  ic^ 
in  the  bay,  until  our  visit  in  1890.  When  the  Revenu^^ 
Steamer   Chrwin  pMlpd  for  ufl  at.  t!ie  ^'loee  of  tbe  eeason, 
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DisenchaDtment  bay  is  sarronnded  on  all  sides  by  magnifi- 
<5ent  monntaiDS.  In  grandeur  of  scenery,  it  is  second  to  none 
of  the  wild  fiords  of  southern  Alaska.  It  resembles  Lynn 
canal,  which  is  familiar  to  many  Alaskan  tourists,  but  is  nar- 
rower, more  like  a  river,  and  the  bold,  snow-covered,  and  ice- 
scored  mountains  are  nearer  at  hand.  The  precipitous  shores 
bordering  the  east  and  west  arm  are  bare  of  vegetation,  and 
the  sonthem  arm  is  also  desolate,  except  at  the  extreme  southern 
end,  where  the  bases  of  the  mountains  are  forested.  Its  shores 
thronghout,  up  to  an  elevation  of  over  a  thousand  feet,  bear 
evidences  of  recent  glaciation.  An  interesting  feature  in 
which  the  southern  arm  differs  from  the  other  portions  of  the 
inlet,  is  furnished  by  conspicuous  gravel  terraces,  which  score 
its  sides  in  even,  horizontal  lines  up  to  a  height  of  about  150 
feet  These  terraces  sweep  about  tne  bluffs  of  gravel  enclos- 
ing the  lake-like  expansion  at  the  south,  showing  that  the 
water-body  which  made  them  did  not  find  an  outlet  in  that 
direction.  As  the  entrance  of  the  bay  was  blocked  with  ice 
when  visited  by  Malaspina  and  Puget.  it  seems  reasonable  to 
suppose  that  the  water-body  in  the  southern  arm  owed  its 
existence  to  the  ice  dam  thus  formed.  The  terraces  are  there- 
fore about  100  years  old.  The  numerous  small  stream-chan- 
nels which  cross  them,  show  what  has  been  accomplished  in  the 
way  of  subaerial  degradation  in  a  century. 

Geolofft/. 

Concerning  the  geology  of  the  St.  Eiias  region  our  knowl- 
edge is  very  imperfect.  Owing  to  the  great  extent  of  glaciei's 
and  snow-fields,  opportunities  for  studying  the  formations 
beneath  are  exceedingly  rare. 

All  of  the  rocks  about  Yakutat  and  Disencliantment  bays, 
with  the  exception  of  a  few  intrusions  of  diorito  and  certain 
thin  beds  of  limestone,  are  brown  sandstone  and  dark  shales. 
The  dip  of  these  strata  is  almost  invariably  to  the  northeast. 
Their   thickness  is  great,   hut    has  never  been  even  approxi- 
mately estimated,  owing  to  the  fact  that  they  have  aj)])arently, 
been  crushed  and    overthrust  on  a  grand  scale.     These  beds 
<ionBtitute  a  well-defined  formation,  which  has  been  named  the' 
Yakutat  system.     North  and  west  of  the  area  occupied  by  the 
Yakutat  system,  and  for  several  reasons  thought  to  be  older, 
there  is  a  series  of  shales,  limestones  and  conglomerates,  that 
have  been  named  the  Pinnacle  system,  on   account  of    their 
appearance  in  a  long  line  of  cliffs  at  Pinnacle  pass.     In  the 
cliffs  at  Pinnacle  pass  there  is  a  bed  of  bowlders,  which  was 
observed   in  1890,   but  its  true  cliaracter  was  not  fully  recog- 
oiized  until  the  following  year.     It  was  then  found  that  what 
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U  jiroltalflj'  an  extension  of  the  eanie  bed,  mcreasee  rerj 
KTi-atly  ill  tliii^kncHA  toward  the  west  and  forma  the  SamoTir, 
Chiiix,  and  pmtmhly  the  Bobinson  hills.  These  hills  are 
foriricid  of  Kiniiy  shale,  filled  with  both  angnlar  and  roanded 
nUtWM  and  liowtdvrs  which  represent  a  great  variety  of  rocki. 
Tliin  tf^rraiK;  is  a  inorainal  deposit,  and  was  formed  in  theoceao 
from  tlio  dolirlH  of  glaciers  which  broke  off  in  bergs.  In  the 
(^liuix  liillH  this  deposit  is  over  4000  feet  thick  and  is  com- 
poMcd  of  con  formal  lie  brown  and  gray  strata,  dipping  northward 
at  an  aiiglo  <»f  alioiit  ten  degrees. 

Tho  toiiopniiliio  form  of  Chaix  bills  shows  that  the;  bare 
ht'cn  foi'iiicd  by  a  numoclinal  uplift,  of  very  recent  date. 
Although  <-oniiK>iHKl  of  soft  beds,  they  have  not  been  deepl; 
diiuuic'tt-d  by  cnisioii.  This  conclusion  as  to  the  recency  of  tlie 
uplift  to  wliieh  they  owe  their  prominence,  is  folly  sastained 
hv  till'  fiiMxiln  with  which  some  of  the  beds  are  charged.  All 
»i  i\w  »h(>Ilrt  obtained  are  of  species  stiil  living  in  the  adjacent 

Wftlll, 

North  of  tlu<  prinoipul  outcrops  of  the  Pinnacle  system  are 
M)i)il(>tiiiu'i>  and  ^milt-ti  that  aro  Itlholo^cally  andistingaishible 
from  tlif  (thankCtcriHtio  rtH-ki)  of  the  Yakatat  system.  These 
dip  iitidi>r  tilt'  (Tvtttallino  rock^  forming  the  Angnsta  and  St 
ICIiHM  raiiKi'ti,  nui)  form  the  actual  bases  of  the  mountain!. 
I''n>iii  Kiicli  fnoiH  ax  havt.'  Ihvu  ol>«i<rved,  I  have  ventured  the 
h\'(>otlu'i'irt  that  the  srhists  have  Kvn  overthrust  on  t»  the  sand- 
Mtotu-H  and  sbtili'x,  and  hoiioo  that  the  uplifting  of  the  mDuntiins 
in  iiti  ovont  of  vcrv  r\HTiit  date.  Tbi,-:  conclusion  was  reached 
diiniii;  tlic  oxptnlUion  of  IS'M  and  wii»  tested  the  following 
vt'ar,  but  without  ^'u^^•*HH^inK  in  fully  demonstrating  it,  or  find- 
in)^  cs  idciitv  which  would  tuilit;ite  stn>nglr  against  it  It 
must  siaiul,  tl»'»\'foi>\  as  an  inti?r\>»linshypotliesis,  which  awaits 
ad.iitiouid  study. 

.11  wM.it  tbi-  r>vk^  of  thtf  Finiiacle  svslein  i 
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After  the  uplift  of  the  moantains,  glaciers  seem  to  have 
taken  immediate  possession  and  to  have  protected  the  rocks 
from  ordinary  stream  erosion.  It  is  an  interesting  fact  demon- 
strated to  my  own  satisfaction  at  least,  that  the  present  ice 
drainage  is  consequent  on  the  orographic  structure.  The 
glaciers  in  many  instances  follow  the  courses  of  faults,  and 
ice  falls  occur  in  so  many  instances  when  the  glaciers  cross  fault. 
scarps,  that  their  presence  may  be  predicted  from  such  a  dis- 
tance  that  only  the  general  orographic  structure  is  distinguish- 
able. 

Olaciei's, 

Although  the  St.  Elias  region  is  full  of  novelty  and  interest 
to  the  geographer  and  geologist,  its  chief  attractions  are  for 
the  glacialist. 

The  lower  limit  of  perennial  snow  or  the  "  snow  line,"  is  at 
an  elevation  of  about  2000  feet  above  the  sea.  Above  that 
elevation  all  of  the  mountains  excepting  the  most  precipitous 
clifEs  are  loaded  with  snow  throughout  the  year.  This  snow 
forms  the  reservoirs  from  which  flow  hundreds  of  glaciers  of 
the  Alpine  type.  Some  of  these,  as  the  Seward  glacier  for 
example,  are  fully  fifty  miles  long  and  over  three  miles  broad 
at  the  narrowest  point  They  are  veritable  rivers  of  ice  which 
slowly  drain  away  the  snow  that  accumulates  on  the  moun- 
tains Besides  the  great  ice-rivers  there  are  very  many  second- 
ary and  tertiary  glaciers,  which  do  not  form  well  defined 
streams.  Some  of  these  are  of  the  same  type  as  the  small  ice 
bodies  that  still  linger  in  tbe  cirques  of  the  High  Sierra  of 
California,  and  illustrate  the  fact  that  the  term  ^'glacier"  has  a 
wide  range  so  far  as  the  size  of  the  ice  bodies  to  which  it  i& 
applied,  is  concerned 

The  glaciers  of  the  Alpine  type  which  flow  southward  from 
the  mountains,  for  fully  a  hundred  miles  west  of  Yakutat  bay^ 
unite  on  the  plain  between  the  base  of  the  mountains  and  the 
sea,  and  form  one  immense  Piedviont  glacier.  This  has  been 
named  the 

Malaspina  Glacier, 

Area. — This  glacier  extends  with  unbroken  continuity  from 
Yakutat  bay  seventy  miles  westward,  and  has  an  average 
breadth  of  between  twenty  and  twenty-five  miles;  its  area  is 
approximately  1500  square  miles,  or  intermediate  in  extent,. 
between  the  State  of  Khode  Island  and  the  State  of  Delaware. 

The  Malaspina  glacier  is  a  vast,  nearly  horizontal,  plateau  of 
ice,  with  a  generd  elevation  of  about  1500  feet.  The  central 
portion  is  free  from  moraines  and  dirt  but  is  rough  and  broken 
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by  thousands  and  teDs  of  thonsands  of  small  ex&ngoBt.     Iti 
enrface  ib  broadly  andnlating,  and   recalls  the  appeanaee  of 

fortions  of  the  rolling  prairie  lands  west  of  the  HiBsisdpn. 
t  ie  in  fact  a  dreary  and  lifeless  prairie  of  ice.  From  uu 
higher  swells  of  its  surface  one  may  see  for  miles  in  all 
directions  without  observing  a  single  object  to  break  the  eroi 
monotony  of  the  broken  ice  plain. 

On  looking  down  on  the  glacier  from  an  elevation  of  two  or 
three  thousand  feet  on  the  hills  bordering  it  on  the  north,  even 
on  the  wonderfully  clear  days  that  follow  storms,  its  limits  are 
beyond  the  reach  of  vision. 

Morainen. — From  any  commanding  station  overlooking  the 
Malaspina  glacier,  as  from  tlie  summit  of  the  Ohaix  hilfc  for 
example,  one  sees  that  the  great  central  area  of  clear,  white 
ice,  is  bordered  on  the  south  by  a  broad,  dark  band  formed  of 
bowlders  and  stones.  Outside  of  this  and  forming  a  belt  con- 
centric witli  it,  is  a  forest  covered  area,  in  many  places  fonr  or 
live  miles  wide. 

In  a  general  view,  by  far  the  greater  part  of  the  snrface  of 
the  glacier  is  seen  to  be  formed  of  clear  ice ;  but  in  crossing  it, 
one  comes  first  to  the  moraine  and  forest  covered  border,  wnich 
owing  to  the  great  obstacles  it  presents  to  travel,  impressesow 
as  hemg  far  more  extensive  than  it  ie  in  reality. 

The  moniinca  not  only  cover  all  of  the  outer  border  of  the 
Igiacier,  but  stream  off  from  the  inoiintain  spurs  that  project 
into  its  niirtliern  border.  One  of  these  trains  starting  from  i 
spur  of  the  Samovar  hills  crosses  the  entire  breadth  of  the 
glucicr  and  joins  the  marginal  moraine  on  its  southern  border. 
This  louf^  train  of  stones  imd  bowlders  is  really  a  highly  com- 
piumd  nu'iliid  moraine,  formed  at  the  junction  of  the  expanded 
I'xtrcniitit's  of  the  Seward  and  Agassiz  glaeiera  These  two 
Urcat  ici"- rivers  are  entirely  above  the  snow  line,  and  the  debris 
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lobe  lies  between  the  Chaix  and  Bobinson  bills,  and  its  main 
lopply  of  ice  is  from  the  Tyndall  and  Guybt  glaciers ;  its  cen- 
tral current  is  southward.  The  direction  of  flow  in  the  several 
iobee  explains  the  distribution  of  the  moraines  about  their 
borders. 

The  Seward  lobe  melts  away  before  reaching  Yakutat  bay, 
but  its  southern  margin  has  been  eaten  into  by  the  ocean, 
forming  the  Sitkagi  bluffs.  The  Agassiz  lobe  is  complete,  and 
is  fringed  all  about  its  distal  extremity  by  broad  moraines. 
The  Guyot  lobe  pushes  boldly  out  into  the  ocean  and  breaking 
off,  forms  magnificent  ice  cliffs  which  are  the  finest  of  any  of 
the  tide-water  glaciers  of  the  Pacific  coast.  The  waves  under- 
mining these  cliffs,  cause  large  masses  of  ice  to  break  away  and 
topple  over  into  the  sea,  thus  forming  great  numbers  of  bergs. 
This  is  the  only  instance  known  in  Alaska,  where  a  glacier 
advances  into  the  open  ocean. 

Surface  of  fringing  Moraine, — A  peculiar  and  interesting 
feature  of  the  moraines  on  the  stagnant  borders  of  the  Malas- 
pina  glacier,  is  furnished  by  the  lakelets  which  occur  everywhere 
open  them.  These  are  found  in  great  numbers  both  in  the 
forest-covered  moraine  and  in  the  outer  border  of  the  barren 
nooraine.  They  are  usually  rudely  circular  and  have  steep 
iralls  of  dirty  ice,  which  slope  towards  the  water  at  high  angles, 
but  are  undercut  at  the  bottom,  so  that  in  a  vertical  section 
ihey  have  something  of  an  hour-glass  form.  The  crater-like 
walls  are  all  the  time  melting,  and  the  morainal  material 
which  forms  the  upper  two  or  three  feet  of  their  rims, 
is  undermined  and  slides  and  rolls  down  the  steep  slopes, 
uid  accumulates  in  the  basins  below.  These  lakes  last  from 
year  to  year,  but  are  finally  drained,  usually  through  a  cre- 
vasse or  opening  of  some  sort  at  the  bottom,  and  the  basins 
are  left  with  a  deep  filling  of  bowlders  and  stones.  As  the 
general  surface  of  the  glacier  melts  away,  the  ice  beneath 
these  thick  accumulations  of  debris  is  protected  and  left  in 
relief  as  the  less  deeply  covered  surface  melts.  The  debris  is 
thus  raised  on  a  pedestal,  but  does  not  behave  like  a  single 
great  bowlder.  It  slides  away  in  all  directions  and  a  pyramid 
of  ice  sheathed  with  debris  is  the  result.  What  was  a  crater- 
like depression,  possibly  seventy-five  or  a  hundred  yards  across 
and  a  hundred  feet  deep,  becomes  in  this  way  a  pyramid  fifty 
or  sixty  feet  high.  These  pyramids  are  of  the  nature  of  the 
sand  cones  so  common  on  many  glaciers  which  are  covered 
with  light  moraines,  but  instead  oiF  being  annual  as  are  most 
sand  cones,  they  are  perennial  and  only  pass  through  their  cycle 
of  change  once  in  several  years.  The  alternate  formation  of 
lake  basms  and  of  debris  pyramids,  has  an  important  effect  in 
breaking  up  the  stones  and  bowlders  of  which  the  moraines 


178        /  C.  RutteU—Mt.  Si.  Eliaa  and  its  Glaciers. 

restin?  on  the  Btagaant  glaciers,  are  composed.  The  rolling 
and  gliding  of  the  debrtB  down  the  sides  of  the  lake  ba^ne  u 
they  enlarge,  and  from  the  steep  Bides  of  the  debris  pyramidi 
as  the;  waste  away,  cause  it  to  become  more  and  more  broken. 

While  traveling  over  the  moraine-covered  surfaces  of  tbe 
stagnant  portions  of  the  glaciers,  especially  on  bright  aannj 
days  or  when  rain  is  falling,  one  is  constantly  startled  by  the 
rattle  of  stones  and  bowlders  as  they  roll  down  the  steep  wtlU 
of  the  lakelets  and  plunge  with  a  great  splash  into  the  muddy 
waters  below. 

This  constant  movement  in  the  moraines  whereby  the  blocks 
of  which  they  are  composed  are  broken  finer  and  finer,  is  con- 
fined principally  to  the  stagnant  portions  of  the  glaciers. 
When  the  glaciers  are  moving,  lakelets  cannot  form  for 
the  reason  tliat  their  basins  become  broken,  and  the  water 
eBcapes. 

Toreatg  on  the  Moraines. — The  outer  and  conseqaently  older 
portions  of  the  fringing  moraines,  are  covered  with  vegetatiou. 
which  ill  places,  particniarly  near  the  onter  margin  of  tbe  belt, 
has  all  the  characterietice  of  old  forests.  It  consists  priod- 
pally  of  spruce  trees  some  of  which  are  three  feet  in  diameter, 
and  Cottonwood,  alder,  and  a  great  variety  of  shrubs  uid 
bushes,  together  with  rank  ferns  which  grow  so  densely  that 
one  can  scarcely  force  a  passage  through  them.  The  vegeta- 
tion grows  on  the  moraines  resting  on  the  ice,  which  in  manj 
place  is  not  less  than  a  thousand  feet  thick. 

The  vegetation  is  confined  principally  to  the  border  of  the 
Seward  lobe.  Near  Icy  bay  it  forms  a  belt  five  miles  hroml, 
bnt  decreases  in  width  toward  the  east,  and  is  wanting  at  llie 
Sitkagi  bluffs,  where  the  glacier  is  being  eaten  away  by  the 
sea.  This  is  an  interesting  fact,  for  the  reason  that  ou  the 
maps  of  thia  coast  published  by  Vancouver,  a  cape  is  indicated 


71  C.  Ru%%eU — MU  St.  Elias  and  its  Glaciers.        179 

ven  in  bqcIi  places  the  Btreams  are  short  and  soon  plunge 
.  crevasse  or  a  moulin  and  join  the  drainage  beneath. 

the  lower  portions  of  the  Alpine  glaciers,  tributary  to 
ifalaspina,  there   are  sometimes  small  streams  coursing 
in  ice  channels,  but  they  are  short-lived.     On  the  borders 
«e  tributaries  there  are  frequently  important  streams,  flow- 
between  the  ice  and  a  mountain  slope,  but  where  these 

down  to  the  Malaspina,  they  flow  into  tunnels  and  are 
)  view. 

m^  the  southern  margin  of  the  Malaspina  glacier,  be- 
i  the  Yahtse  and  Point  Manby,  there  are  hundreds  of 
Q8  which  pour  out  of  the  escarpment  formed  by  the 
r  of  the  glacier,  or  rise  like  great  fountains  from  the 
1  and  bowlders,  at  its  base.  All  of  these  streams  are 
1  and  heavy  with  sediment  and  overloaded  with  bowlders 
tones.  » 

e  of  the  largest  streams  draining  the  glacier  is  the  Yahtse. 
rises  in  two  principal  branches  at  the  base  of  the  Chaix 
and- flowing  through  a  tunnel  some  six  or  eight  miles 
emerges  at  the  southern  border  of  the  glacier  as  a  swift, 

I  flood,  fully  one  hundred  feet  across  and  fifteen  or 
y  feet  deep.  The  stream  after  its  sub-glacial  course, 
Is  out  into  many  branches,  and  has  built  up  an  alluvial 
hich  has  invaded  and  buried  thousands  of  acres  of  forest, 
aversing  the  coast  from  the  Yahtse  to  Yakutat  bay,  we 
d  scores  of  ice  water  streams  which  drain  the  ice  field  to 
orth.  The  greater  part  of  these  could  be  waded,  but 
of  them  are  rivers  which  it  was  impossible  to  ford. 

e  roost  interesting  of  these  is  Fountain  stream.  This 
J  to  the  surface  in  one  great  spring  fully  one  hundred 
icross.      The  water  rises  under  such  pressure  that  it  is 

II  twelve  or  fifteen  foet  into  the  air,  and  sends  up  jets  of 
six  or  eight  feet  higher.  It  then  rolls  seaward,  forming 
ad,  swift  river  which  divides  and  spreads  out  in  many 
lels  both  to  the  right  and  left  and  has  inundated  several 
red  acres  of  forest  land  with  gravel  and  sand.  Where 
breams  flowing  away  from  the  glacier  are  large,  they 
3  as  do  the  Yahtse  and  Fountain,  and  enter  the  sea 
sreral  mouths.  When  they  are  small,  they  usually  unite 
rm  large  rivers  before  entering  the  ocean.  The  Yahtse 
ountain,  as  we  have  seen,  are  examples  of  the  first,  while 
y  stream  is  an  example  of  the  second  class.  This  rises 
ndreds  of  small  springs  along  the  base  of  the  escarpment 
id  by  the  great  glacier,  and  Sowing  across  a  desolate  tor- 
wept  area,  unite  just  before  reaching  the  ocean  into  one 

swift  flood  of  muddy  water,  much  too  deep  for  one  to 
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All  of  the  streams  where  thej  leave  the  glacier  are  otbt- 
loaded  and  at  once  deposit  the  coareer  portions  of  their  hnrdeu. 
Thoee  which  bifurcate,  conttnoe  to  build  up  their  cbanneUiII 
the  way  to  the  sea  ;  while  the  rivers,  formed  by  the  anion  of 
maDT  Bmall  branches,  excavates  channels,  the  depth  of  which  ii 
regnlated  by  the  elevation  of  the  land  above  sea  level.  Allot 
the  streams  bear  qnantities  of  debris  to  the  ocean,  bat  thm 
their  work  ends.  The  waves  and  cnrreDts  id  the  ocean  mu 
the  debris  delivered  to  them  and  bnild  it  into  beaches  and  but 
Nearly  all  of  the  streams  near  their  months  are  tamed  wett- 
ward  on  accoant  of  sand  bars  thrown  acroea  them  by  the  p^^ 
vailing  ocean  cnrrents.  Nothing  of  the  nature  of  rtreim 
channels  beneath  sea  level  is  snggested,  or  coald  reasonably  be 
expected. 

On  the  border  of  the  glacier  facing  Yakotat  bay  the  draini^e 
is  different  from  that  on  (he  eotitliem  border.  The  flow  of 
the  ice  is  there  eastward  and  instead  of  forming  a  bold,  con- 
tinnons  escarpment,  ends  irregularly  with  a  tow  frontal  slope. 

The  principal  streams  on  the  eastern  margin  in  1891.  were 
the  Osar,  Kame  and  Kwik.  Each  of  these  issnes  from  a  tunnel 
and  then  flows  for  some  distance  between  walls  of  ice.  Of  the 
three  streams,  mentioned,  the  most  interesting  is  the  Kame. 
This  issues  from  the  mouth  of  a  tunnel  in  the  ice  ahont  three 
miles  back  from  the  actual  border  of  the  glacier,  and  flows 
for  half  a  mile  in  a  narrow  caBon  with  walls  of  dirty  ice  fifty 
feet  or  more  high.  The  caflon  then  expands  and  forms  a  valley 
bordei"ed  by  moraine-covered  hills  of  ice,  which  gradnally 
widens  toward  the  east,  until  it  merges  with  a  low  marshy  tnct 
bordering  tlic  shore  of  the  bay.  Well  rounded  sand  and 
gravel  is  being  deposited  by  this  stream  in  large  quantities. 
This  covers  the  ice  over  which  the  stream  flows,  and  during 
former  stages,  was  dt!|wsite(l  in  terraces  along  the  lower  por^ 
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netimes  this  debriB  is  spread  out  on  the  ice,  and  forms 
si  terraces  of  sisind  and  mud,  which  become  prominent  as 
Racier  wastes  away. 

rhe  formation  of  osars  seems  fully  explained  by  the  subgla- 
i  drainage  of  the  Malaspina  ice  sheet.  On  the  north  side  of 
\  glacier  there  are  many  streams  which  flow  into  tunnels  and 

3jr  with  them  large  quantities  of  gras^el,  sand  and  mud; 
e  on  its  southern  ana  eastern  margin  many  streams  emerge 
m  tunnels  and  bring  out  large  quantities  of  water- worn  debns. 
e  openings  of  the  tunnels  on  the  outer  margin  of  the  glacier^ 
t  choked  with  debris,  the  coarser  part  of  which,  as  already 
ted,  is  deposited  as  soon  as  the  streams  have  an  opportunity 
expand  and  bifurcate.  With  the  material  swept  out  of  the 
inels  there  is  also  deposited  many  large  bowlders  as  well  as 
ich  small  angular  debris,  contributed  by  the  moraines  resting 
the  margin  of  the  ice.  The  deposits  formed  by  the  streams 
low  the  mouth  of  the  tunnels  from  which  they  emerge,  have 
$  fornCi  of  low  cones,  which  are  being  built  up  rapidly  at  the 
3X,  and  consequently  expand  at  the  same  time  in  all  direc- 
ns.  In  expanding  they  frequently  invade  and  bury  lar^e 
»8  of  forested  countrv,  as  already  noticed  in  the  case  of  the 
khtse.  It  is  evident  that  so  long  as  the  margin  of  the  Malas- 
la  glacier  remains  stationary  or  retreats,  the  alluvial  cones 
out  its  outer  margin  will  continue  to  grow.  This  much  of 
3  genesis  of  these  accumulations  is  a  matter  of  observation, 
d  affords  data  for  judging  of  the  character  of  the  deposits 
it  are  being  formed  in  tne  tunnels  through  which  the  glacier 
drained. 

The  growth  of  the  alluvial  cones  described  above,  tends  to 
struct  the  flow  of  water  through  the  tunnels  connecting 
th  them,  and  must  cause  the  streams  to  deposit  a  portion  oi 
3ir  load  on  the  bottoms  of  the  channels  which  they  occupy. 
le  water  is  thus  brought  in  contact  with  the  ice  formmg 
3  roofs  of  the  tunnels,  which  is  melted  away  and  gives  room 
•  a  farther  increase  in  the  thickness  of  the  subglacial  stream- 
posits.  In  the  case  of  a  stagnant  ice-sheet  the  accunmlation 
gravel  in  the  tunnels  by  which  it  is  drained,  would  continue 
increase  until  the  water  finds  new  channels.  In  this  way 
ayp  narrow  deposits  of  cross  stratified  gravel  might  be  formed 
tnin  a  glacier,  which  when  the  ice  melted  would  assume  an 
tielinal  structure,  owing  to  the  displacement  of  the  material 
>f\g  its  sides. 

In  this  brief  digression,  I  have  not  attempted  to  give  a  com- 
ste  analysis  of  the  eubglacial  drainage  of  the  Malaspina 
icier;  but  simply  endeavored  to  show  that  the  tunnels 
rough   which  it  is  drained,  must  be  occupied  in  part  by 
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gravel  deposits,  similar  in  man;  wajs  to  the  long,  winding 
ride^  to  which  the  name  osar  has  been  applied. 

Marginal  lakes. — Along  the  northern  uiar^n  of  the  Uilu- 
pina  glacier  wherever  a  mountain  spur  projects  into  the  ice,  the 
rocks  become  warmed,  and  radiating  lieat,  causes  the  adjtcent 
border  of  the  glacier  to  melt  away.  This  forms  a  vallej  whidi 
becomes  a  line  of  drainage.  When  the  streams,  following  the 
sides  of  a  mountain  spur  projecting  into  the  glacier,  come  to-  ' 
gether,  a  lake  is  formed  which  dischargee  through  a  tannel  in 
the  ice.  When  the  glacier  passes  the  mouth  oia  lateral  valley 
the  drainage  is  checked  and  a  lake  formed.  There  are  seven] 
lakes  of  this  character  about  the  Chaix  hills.  There  are  other 
methods  by  which  the  great  glacier  acts  as  a  dam  and  caaw 
lakes  to  form,  but  we  have  not  time  to  trace  ont  all  of  their 
histories. 

Tliese  marginal  lakes  on  the  north  aide  of  the  Malaspiu 

f  lacier  are  situated  at  an  elevation  of  from  a  thoasand  to  fifteoi 
iindred  feet  on  the  sides  of  the  mountains,  and  receive  the 
debris  brought  down  bv  tributary  streams,  which  is  built  into 
deltas  and  terraces.  When  the  glacier  melts  away  these  de- 
posits will  be  left  as  irregular  terraces  on  the  mountain  dd& 
Lakes  will  be  formed  about  the  same  mountain  spurs,  again 
and  again,  as  the  surface  of  the  ice  is  lowered,  thus  making  an 
irregular  record  with  coiisidemble  vertical  range.  It  Beemsto 
me  that  similar  records  should  be  found  on  the  southern  slopes 
of  the  mountains  of  New  England,  and  other  regions,  which 
were  formerly  covered  by  ice-sheets,  analogous  to  the  Malafipiu 
glacier. 

Photographs  of  the   magnificent   scenery  of  the   St  Elii» 
region  were  exhibited  at  the  close  of  the  lecture. 
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.  39"*  34',  long.  72°  26',  depth  168  fathoms  there  were  found 
^Ananthes  brevipes  C.  A.  A.,  Actinocydus  Ehrenbergii  J.  R. 
th  three  rays  (^.  temarius  C.  G.  E.)  and  with  five  rays 
.  quinarius  C.  G.  E.),  Actinoptychus  undulatus  J.  W.  B., 
\aBtoceros  Wighamii  T.  B.,  Cocconeis  scutellum  C.  G  E., 
>scinodiscus  lineatus  C.  G.  E  ,  C.  minor  C.  G.  E.,  C,  oculus- 
idis  C.  G.  E.,  C.  radiatus  C.  G.  E.,  C.  suhtUis  C.  G.  E., 
fcloteUa  opercvlata  F.  T.  K.,  Dictyocha  jibuLa  C.  G.  E.,  D, 
icxda  C.  G  E.,  DenticuLa  palea  D.  C.  L.  N.,  Epithemia 
irffensii  C.  A.  A.,  Ooaiotheetum  anaulus  C.  G.  E.,  Gaillio- 
ua  granvlaia  C.  G.  E.,  Hyalodiscus  stelliger  J.  W.  B., 
avicula  elliptica  F.  T.  K.,  Synedra  ulna  D.  C.  L.  N.,  Tri- 
fotium  altemans  J.  W.  B.,  l,favus  C.  G.  E.,  T,  reticulum 
G.  E., — Eoramenifera^  Polycistina.  In  lat.  89°  82',  long. 
!°  8',  depth  261  fathoms,  there  were  found  Actinocydus 
idtilatus  J.  W.  B.,  Actinoptychus  Ehrenhergii  J.  R.,  Coscino- 
sous  eccentricus  C.  G.  E.,  CI  oculusiridis  C.  G.  E.,  (7. 
diatus  C.  G.  E.,  (7.  subtilis  C.  G.  E.,  Cyclotella  Kutzingiana 
,  H.  K.  T.,  (7.  operculata  F.  T.  K.,  VAcetoceros  Wighamii 
.  B.,  Denticvla  paZea  D.  C.  L.  N.,  Dictyocha  fibvXa  C.  G.  E., 
orypAora ampAiceros C.  G.  E.,  OatUionellagramUata C.  G.  E., 
.  sulcata  C.  G.  E.,  Navicida  elliptica  F.  T.  K.,  Synedra 
—  f,  Iriceratium  altemans  J.  W.  B., — Sponge  spicules^ 
'oUnspirni.  In  lat  89°  56',  long.  72°  11',  depth  47^  fathoms 
lere  were  found  Actinocydus  undulatus  S.  W.  B.,  Gaittio- 
dla  sulcata  C.  G.  E., — Sponge  spicules.  In  43  fathoms  be- 
^een  the  fiord  and  Montauk  Point  Actinocylus  undulatus 
W.  B.,  Coscinodiscus  oculusiridis  C.  G.  E.,  O.  radiatus 
G.  E.,  GaillioneUa  granvlata  C.  G.  E.,  G,  sulcata  C.  G.  E., 
Hnntdaria  peregrina  C.  G.  E.,  P.  viridis  D.  C.  L.  N.,  Tri- 
raiium  altemans  J.  W.  B.,  T.  reticulum  C.  G.  E., — Sponge 
ncules.  As  these  species  are  the  same,  or  rather  the  group- 
g  of  them,  as  are  living  on  the  coast  we  may  consider  this  as 
ade  up  the  recent  forms.  There  is  also  present  besides  quartz 
nd,  wnich  makes  up  the  mass  of  the  soundings,  broken  crys- 
Js  of  magnetic  oxide  of  iron  and  transparent  ereen  crystals  of 
>mbiende  showing  that  they  come  from  the  Palisades  of 
ew  Jersey  or  the  Trap  rocks  of  Connecticut,  most  likely  of 
onnecticut,  for  this  is  the  way  north  or  somewhat  to  the  east, 
le  ice  came  which  formed  the  moraine  on  the  coast.  The 
icroscopic  organisms  are  not  those  of  the  Newark  bay  as 
ley  are  not  of  brackish  or  fresh- water  origin  as  those  are, 
lowing  the  "  fiord  "  is  not  a  continuation  of  Newark  bay  but 
ther  of  the  Hudson  River.  This  may  serve  as  a  contribu- 
on  to  the  knowledge  of  the  Hudson  Kiver  ''  fiord." 
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Art,  XXII. — Contributiont  to  Mineralogy,  No.  52;  bj 
A.  Gknth.  With  Ci-ystaUograpkio  Notet;  by  Samukl 
Penfield. 

1.    On  HahneriU. 

a.  Fbom  the  North  Star  Mine,  Sultati  Mountain,  SiWerto 
San  Juan  Co.,  Col. 

The  specimens  which  were  used  for  crystal  lofrraphic  exaroir 
tion  were  from  the  private  collection  of  Mr,  G«o,  L.  EngliB 
of  New  York.  The  occurrence  of  well  terminated  hiibneri 
cryBtale  is  not  without  interest,  as  our  knowledge  of  the  crygtj 
lization  of  this  species  is  at  present  confined  to  a  de^riptio 
by  Professors  P.  Grotli  and  A.  Arzmni,*  of  artificial  crvsta 
These  were  not  sufficiently  developed  to  admit  of  an  accun 
determination  of  the  crystal  iograpnic  constants,  although  tl 
authors  were  able  to  show  a  doso  similarity  in  form  and  angi 
between  artificial  MnWO,  and  FeWO,  and  the  mineral  w( 
framite  (Mn.  Fe)WO.. 

The  ore,  in  which  the  hiibnerite  occurs,  consists  mostly  ■ 
quartz  with  galena,  pyrite  and  tetrahedrite  disseminated  throii| 
it.  Cavities  iire  lined  with  drnsy  quartz  and  contain  crysti 
of  hiibnerite,  tetrahedrite  and  occasionally  very  pretty  rboi 
bohedrons  of  rhodochrosite.  The  hiibnerite  nsnally  occurs  i 
groups  of  radiating  and  divergent,  long-prismatic  crystilt 
these  are  often  coated  with  a  thin  layer  of  drusy  quartz,  whit 
sometimes  can  be  removed,  by  gentle  pressure,  leaving  tl 
prismatic  faces  smooth  and  glistening  but  as  the  faces  at  tl 
tenniniition  of  the  crystal  are  usually  rough,  the  quartz  coi 
ing  adheres  there  more  tenaciously.  On  one  specimen,  grou] 
of  these  long-prisniutic  crvstiils,  covered  with  quartz,  wei 
found  in  one  cavity,  while  in  another,  less  than  two  inches  r 
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Of  these,  the  only  faces  which  were  suited  for  exact  measure- 
ment were  m  and  /  /  h  was  bright  but,  owing  to  a  fine  vertical 
Btriation,  it  gave  a  multiple  reflection  of  the  signal  on  the 
goniometer.  By  taking  advantage,  however,  of  the  perfect 
dino-pinacoid  cleavage,  a  face  parallel  to  h  was  developed, 
which  gave  a  single  reflection  and,  when  tested  on  the  goni- 
ometer, exactly  truncated  the  prism  m.  The  measurements 
from  these  faces,  which  were  taken  as  fundamental  are : 

m  A,m,  110  ^  110  =  100**  12' 

f  A^rriy  oil  /v  110=    66°  43' 

f  A.    b,  oil  /s  010=    49°    5' 

from  which  the  following  axial  ratio  was  calculated : 

a  :6  :c  =  -83623  : 1 :  -86684,  /?  =  100  /^  001  =  89°  VJ' 

The  axial  ratio  established  by  Des  Cloizeaux*  for  wolframite  is ; 

d  :S:c  = -83000:1: -86781,  /^  =  89°  22' 

Besides  the  measurements  given  above  as  fundamental,  the 
only  accurate  measurement  which  could  be  made  was 

f^^  m,  oil  A  110  =  64°  32'  calculated  64°  36' 

The  faces  in  the  prismatic  zone  are  usually  vertically  stria- 
ted. This  is  especially  true  of  §',  the  obtuse  edge  of  which  is 
rounded  as  indicated  in  the  figure.  Owing  to  these  striations, 
BO  exact  measurements  could  be  obtained  from  q ;  however^ 
the  symbol  given  above  agreed  best  with  the  measurements  and, 
as  will  be  shown  later,  this  prism  is  prominent  on  crystals  from 
another  locality.  Possibly  a  pinacoid  «,  100,  i-7,  oscillates  with 
J  but  no  distinct  reflection  was  obtained  from  the  striated  part 
to  indicate  its  existence.  With  the  exception  of,/,  the  faces 
which  terminate  the  crystals  are  usually  poorly  developed;  (o 
was  determined  by  approximate  measurements  only;  t  usually 
gave  no  reflection  whatever. 

Cleavage  sections,  parallel  to  J,  show  with  the  polarizing 
microscope  an  extinction,  inclined  about  17°  from  the  vertical 
axis,  in  tne  obtuse  angle  ^.  This  direction  corresponds  to  the 
axis  of  least  elasticity  c.  In  convergent  polarized  light  an 
obtuse  bisectrix  could  be  seen,  but  the  section  was  too  small  to 
admit  of  a  measurement  of  the  an<^le  of  the  optical  axes.  The 
sections  transmit  a  brown  light.  The  pleoehroism  is  tnarked  ; 
for  rays  vibrating  parallel  to  c  green;  parallel  to  b  yellowish 
brown,  but  varying  somewhat,  even  in  the  same  section.  An 
increase  of  color  is  probably  due  to  a  slight  percentage  of  FeO, 
the  lighter  colored  material  is  probably  nearly  pure  MnWO^. 

•Ann.  Ghimie  et  Phys.,  IV,  xix,  p.  168,  1870. 

Ail  Jour.  Soi.^Thibd  Sbbibs,  Vol.  XLUI,  No.  255— Mabch,  1892. 
12 
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Some  groiij)§  of  radiating  crystals  of  a  brownish  yellow  color, 
not  over  2""°  in  diameter  have  been  noticed,  which  prolablj 
are  also  hiibnerite. 

An  analygii)  of  tLe  radinted  variety  of  a  brownish  Mack  color, 
yielding  a  pale  graylsli  brown  i>owder,  and  having  the  specifit 
gravity  6-7!3  gave,  after  deducting  8'608  per  cent  (jnarti: 

WO, 74T5 

FiO 2-Bl 

MiiO 21-B8 

CaO 0-1 1 

MgO trace. 

B9-70 
A,   From  Cement  Cieek  on  Bonita  Uoantain  near  Silverton, 
San  Juan  Co..  Colorado. 

This  variety  we  have  not  been  able  to  obtuin  in  isoUted 
crystals.  It  is  associiited  with  quartz  and  pyrite  itnd  occareit 
a  radiating  and  divergent  masg,  np  to  iO  to  50""  in  length,  willi 
dietinet  clino-pinacoid  cleavage.  Color  hair-brown  to  teiAl^ 
and  yellowish  brown,  in  thin  snliutera  transparent,  hietersub- 
metallic,  inclined  to  silky.  The  tine  powder  is  of  is»bell" 
color.     Sp.  gr.  =  6-891. 

The  analysis  gave,  after  deducting  3i  per  cent  of  qiiarU: 
HBrry  F.  Kelkt.' 

WO,-- 7C-63  7BU 

FeO - 1-81  -1-63  211 

MnO ...   2178  21-63 

CaO 0-09  Oli 

M^O trace  trace 

lIKl-ll  [0(1-00 
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2*^  21',  average  72°  41',  calculated  for  830  a.  010  =  72°  35^', 
hile  for  310  a.  010  the  calculated  angle  is  74°  26'.  The  crys- 
ds  are  usually  terminated  by  t^  or  by  t  and  a  pyramid  J,  IJ2, 
I  the  zone  U  h  The  dome  t  was  either  dull  or  had  a  sort  of 
adulatory  surface,  so  that  it  gave  no  distinct  reflection.  The 
yramid  J  gave  only  faint  reflections  and  yielded  the  following 
leasurements. 

Measured.  Calculated. 

J  /s,  ^,  112  /s  010  =  68**  51'  and  69**  20'  69°  ^' 

J /s^r,  112  /s  830=  108°  28'  108°  14 

Only  the  thinnest  cleavage  splinters  of  this  material  were 
t  all  transparent,  so  that  no  attempt  was  made  to  study  the 
ptical  properties. 

Color  iron  black  to  brownish  black,  luster  submetallic,  in- 
lining  to  adamantine.  Powder  greenish  gray.  Sp.  Gr.  == 
'•163  -  7-091. 

The  analysis  gave,  after  deducting  0*34  per  cent  of  quartz  : 

I.  Lincoln  Ck).,  N.  M.  (Grenth.)        II.  Mammoth  Dist.,  Nevada. 

WO, 76-33  74-88 

FeO ;V82  —    3-98  0*56 

MnO 19-72  — 2008  2387 

CaO 0-13  0-14 

0-08 


MgO trace  \ 


C"0   0-08 


100-00  99-61 

d.  From  Monmouth  District,  Nye  Co.,  Nevada. 

For  comparison  we  have  examined  the  hiibnerite  from 
Aiotte's  original  locality.  The  specimens  at  our  disposal 
showed  no  distinct  crystals  but  only  cleavage  masses,  implanted 
On  quartz.  Color  brownish  black  to  iron-black,  powder  green- 
ishgray.  A  little  of  the  manganese  is  higher  oxydized,  as  the 
Daineral  evolved  some  chlorine,  when  treated  with  hydrochloric 
Icid.     The  analysis  is  given  under  II  above 

2.   Ueasite  from  Mexico. 

Prof.  Carlos  F.  de  Landero  of  Guadalajara  kindly  presented 
.  specimen  of  hessite  from  a  recent  occurrence  at  tlie  Refugio 
fine,  San  Sebastian  District,  State  of  Jalisco,  Mexico,  which 
7B8  analyzed  by  Mr.  Jas.  S.  df  Benneville.  It  is  granular,  of 
,  dark  lead  gray  color,  and  so  very  largely  and  intimately 
Dtermixed  with  quartz,  that  no  pure  material  could  be  picked 
»ut  for  analysis.  The  composition  of  the  tnixture  was  found 
o  be 
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SiO 33-33 

Al.O, 0-70 

CaO 0-49 

Ft OlS 

Co trace 

Pb 1-21  equivalent  of  Te O'TS 

Ag 39-42  "  "       23-88 

Te 25-63  

Se trace  24-18 

100-84 

This  would  repi-esent:  62-80  per  cent  Ag,Te,  1-96  jwr  cent 
PbTe  with  1-40  per  cent  of  tellurinm,  which  tnay  be  presenl 
ae  Dative  telluriiiin  or  perhaps  as  tellurous  oxide.  The  presence 
of  some  incrustations,  resembling  tellurite,  would  indicatethu 
the  latter  enpposition  is  probably  the  correct  one. 


Associated  with  the  phcnaeite  of  Mount  Antero  in  Ohafl« 
County,  Colorado,  are  quartz,  orthoclaae,  scales  of  muMovite, 
hematite,  and  a  gra^-iBh  or  yellowish  green  bismuth  mineral  in 
pnBniatic  form.  The  hematite  occurs  in  small  brilliant  cttb- 
tals,  the  largest  not  over  4™  broad  and  about  1-5™  thick.  Ine 
combination  being  short  prisma  terminated  by  a  flat  rhomw)- 
hednin.  Of  the  bismuth  mineral  only  one  fragment  of  a  cm 
tal  was  observed  of  a  darker  greenish  color  and  having  angls 
agreeing  with  the  sulphide  Bi,S„  from  the  alteration  of  which 
it  priibably  had  been  derived.  Other  small  crystalline  niasss 
were  observed,  resembling  bundles  of  deeply  striated  er)-tt»k 
tho  liirgoBt  about  SO"""  in  aine,  but,  unfortunately,  throughout 
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I  n 

a  bah 

Less  Less 

Impurities  ..     5*11  impurities  4*22  impurities 
[Ignition,  9*18] 

H,0 2*02  211  2-33  2-43 

CO     7*16  7-47  6-85  7-14 

CuO 0-31  0-32  0*32  0*33 

PbO 4*83  5*04  4*63  4*82 

Bi,0, 8013  83*64  80*41  83*81 

ZnO 0*86  0*90  0*86  0*89 

SO, 0*50  0*52  0*56  0*58 

100*92         100*00         100*18  100*00 

The  lead  is  probably  present  as  PbCO,  and  PbSO^,  the  cop- 
)r  as  malachite,  the  zinc  as  ZnCO,  and  the  bismuth  as 
rdrated-carbonate,  but  the  material  is  too  impure  to  attempt 
e  construction  of  a  formula. 


4.  Natrolite, 

Associated  with  aegirite,  eudialyte,  titanite,  etc.,  natrolite 
curs  at  Magnet  Cove,  Ark.,  in  large  colorless,  cleavable 
asses,  the  individuals  being  about  50°""  in  length  and  6*8™° 
oad.  The  cleavage,  although  apparently  perfect,  does  not 
eld  good  surfaces  for  reflecting  light.  The  angle  between 
e  cleavages  is  very  near  90°,  but  most  of  the  measurements 
hich  were  made  are  near  91°  and  89°.  The  crystals  are 
lorless,  some  portions,  however,  are  more  or  less  opaque.  It 
eiB  found  that  the  latter  contain  a  minute  quantity  of  lime, 
bile  the  colorless  portion  is  free  from  it.  The  spec,  gravity 
found  to  be  2*243.     The  analysis  gave  : 


H,0 9-81 

SiO    47-97 

Al.0 26*51 


•«^» 


Na,0 15-98 

100*27 


Chemical  Laboratory,  111  S.  10th  St., 
Philadelphia,  October  25th,  1891. 
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Art.  XXriI. — Tuckermai^a  Theory  of  the  Chlorite  Groupani 
iU  AUemaiive  ;  by  F.  W.  Clarke. 

In  tlie  inicae,  vermiciiliteB,  tlie  clintonite  e;''otiPi  and  the 
chloritet),  we  meet  a  large  nninber  of  minerals  having  GimiW 
properties.  All  are  probably  monoclinic,  all  arc  commonly 
foliated  in  structure,  and  within  certain  limits  they  shade  into 
each  other  in  composition.  The  resemblances  between  them 
are  very  close  externally  ;  and  it  is  therefore  a  fair  presnmp- 
tion  that  they  are  also  alike  in  constitution.  A  satiefactorr 
explanation  of  tlicir  chemical  structure  ought  to  emphauze 
their  obvious  relationships,  and  be  siitficiently  general  to  in- 
clude all  the  individual  species  in  a  single  definite  theorv. 
The  problem  is  easily  stated,  but  its  sohuion  can  be  effected 
only  by  slow  degrees.  Like  other  similar  problems,  it  mutt  be 
solved  by  a  series  of  approximations  ;  and  every  step  towards 
order  is  a  gain,  even  though  it  lie  not  absolutely  tinal. 

Among  the  men  who  have  advanced  our  knowledge  of  these 
minerals,  no  one  is  entitled  to  higher  credit  than  Professor 
Tschermak.  His  successive  papers  upon  the  mica,  clintonite, 
and  chlorite  groups  have  all  been  long  strides  forward ;  and 
whether  his  interpretations  are  ultimately  con6rraed  orabin- 
doned,  they  have  none  the  less  been  of  real  service  in  the 
development  of  knowledge. 

In  his  latest  paper,*  Professor  Tsehermak  seeks  to  explain 
the  chemical  structure  of  the  chlorites,  and  masses  the  availa- 
ble evidence  most  admirably.  This  group  of  minerals  he 
divides  into  two  sub-groups,  called  ort  no  chlorites  and  lepto- 
chloritcB  respectively,  and  for  each  division  a  special  explaoii- 
iilTfTod.     Tlif   i-rthuchloritL'S,   whifh   include   pemiim'. 
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Serpentine, 

Sp.               MgSi,0, 

.  xi,  . 

(.MgOH 

Amesite, 

At.               ALSiO, 

.11,. 

,  (MgOH) 
,  MgOn 

**        Ist  deriv., 

At'.              Al.SiO, 

.  H, . 

"        2d       " 

At'.              Al.SiO, 

.11. 

Strigovite, 

St.     SiO, .  Al,SiO, 

.  h;  . 

,  (MgOH) 

Chloritoid, 

Ct.                Al,SiO, 

.H,. 

.  Mg 

f  these  compounds,  four  are  represented  by  known 
erals ;  although  the  amesite  and  strigovite  formulce  rest 
.  upon  a  single  analysis.  Two,  the  molecules  At'  and 
,    are    hypothetical.      Empirically,   all    the    chlorites    of 

established  character  correspond  in  composition  to  mix- 
3  of  these  six  molecules ;  but  a  few  of  the  allied  minerals, 
.  as  epichlorite  and  stilpnomelane,  are  unaccounted  for. 

latter  are  yet  to  be  brought  into  line. 
t  a  first  glance  the  six  molecules,  as  just  written,  appear  to 
remarkably  alike  in  form.  But  when  they  are  written 
Bturally,  as  Tschermak  himself  writes  them,  they  become 
Bwhat  dissimilar.  Serpentine  is  then  represented  as  a  salt 
he  acid  H,Si,0^  Amesite,  with  its  two  derivatives  and 
ritoid,  appear  as  basic  orthosilicates.  Strigovite  is  given  as 
It  of  the  acid  H^Si,0,.  That  is,  three  diflFerent  silicic  acids 
involved  in  Tschermak's  theory,  and  the  first  apparent 
^licity  of  the  scheme  disappears.  All  of  the  six  molecules, 
ever,  with  the  single  exception  of  the  non  aluminous  ser- 
bine,  are  supposed  to  contain  the  structural  nucleus 

-O^         0_Al-0- 

>i(  >0 

-q/     No-Al-O- 

¥hich  the  remarkable  similarities  of  the  chlorites  may  be 
,  Through  chloritoid  the  chlorites  become  afliliated  with 
clintonite  group ;  but  with  the  micas,  at  least  as  the  latter 
B  been  interpreted  by  Tschermak  hitherto-,  no  special  anal- 
ts  of  structure  appear. 

'ow,  admitting  that  Tschermak's  theory  accounts  for  the 
WTL  facts  as  fully  as  he  believes,  the  question  arises  whether 
mode  of  interpretation  is  the  only  one  possible.  If  it  is, 
1  the  problem  of  the  chlorite  group  is  solved,  and  contro- 
ly  is  out  of  court.  But  if  other  schemes  can  be  devised, 
-esenting  the  facts  equally  well,  further  investigation  be- 
iBfi  necessary.  Pending  the  acquirement  of  new  experi- 
ital  evidence,  we  may  discuss  rival  systems  upon  philo- 
lic  grounds ;  and  that  which  is  simplest,  most  general,  and 
supported  by  analogies,  should  have  preference.  Ulti- 
ely,  of  course,  the  problem  must  be  attacked  by  means  of 
eriment ;  through  which  alone  the  questions  at  issue  can  be 
lly  settled. 
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In  Eereral  previous  papers,  some  of  them  ■written  in  joii 
anthoreliip  wiHi  otlierp,*  I  have  sought  to  eetablieh  thehvpoth- 
e*iE  that  the  more  complex  dlicates  are  merely  enbstitotion 
derivatives  of  nonua!  ^alts.  For  instance,  manr  mineraUire 
eapilv  ami  nattimlly  represented  as  so  derived  from  the  nonnil 
ahirninuni  ompf^nm]  Al.iSiO.I, ;  encceseive  alaminnm  atoms 
l»eing  efjuivalent! y  replaced  liy  other  atotoB  or  gronps.  Among 
these  minerals,  the  micas  seem  to  fonn  a  conspicnons  familv, 
and  with  them  »re  fonnd  the  cliutonite  gronp  and  some  ver- 
mienlites.     To  this  family  I  shall  recur  later. 

In  two  'jnite  recent  pajters.  Schneider  and  I  have  tried,  bj 
experimentnl  methods,  to  obtain  some  positive  evidence  as  to 
the  nutiiri'  of  the  chhiHtes.  Tliat  oar  resnlt^  are  not  tinal.  and 
tliat  Tschcriniik's  criticism  of  them  is  perfectly  les^itimate,  I 
cheerfully  conceile,  and  yet  we  have  found  clnea  which  are  not 
withi'Ut  im-iining.  Tlie  reaction  between  dry  hydrochloric 
acifl  and  the  hydromagnesian  silicates  we  are  still  investigating, 
and  its  actnal  cliHracter  and  significance  we  hope  to  determine 
in  <lne  time.  So  far.  however,  in  every  case  of  a  tme  chlorite 
examined  hy  ns.  ami  in  the  c^se  of  serpentine  also,  we  hire 
iumid  that  the  elieinical  ciiistitntion  mny  l)e  represented  bys 
iflixtnre  of  moleciik's  of  tlic  general  fonn  Mg,(Si(>,),  R',,  in 
which  IV  may  I.e  cither  AII1,()„  MgOU,  or  H,  with  of  cmm 
the  iisUiil  ei|nivalent  replacements  of  alnminatn  and  tmgat- 
fiiinn  l/v  ferric  ant]  ftnrons  iron.  These  molecules  are  evi- 
dently ^ub.-titlltilJTl  <lerivatives  of  the  normal  c6in|M>nnd .oil- 
vim-,  when  tlie  ordinary  fonnida  of  the  latter  is  donblcd  and 
niinic  ilg/SiO,),.  Sinee  we  do  not  know  the  trne  raolecnlsr 
W(iij;lLt  of  iiiiy  metallie  silicate,  this  donbling  of  the  simplest 
p"f.^il)le  foniiiilH  is  perfectly  allowable,  and  a  reason  for  it  will 
iippcar  liiicr.  Here  then,  for  a  few  chlorites  at  least,  is  i 
■ryretatifin   ipiite  unlike  Tschermak's ;  and  ' 
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Pennine,  Sp,At,  to  SpAt 

Clinochlore,         SpAt  to  Sp,At, 
Prochlorite,         Sp,At,  to  Sp^At^ 
Oorundophilite,   Sp,At^  to  SpAt^ 

nsforming  these    expressions,   and,    for   brevity,    writing 
I,0,  =  A,  and  MgOH  =  M,  we  have  : 

=  .Mg,(SiOJ.R'. 


SplAtl  =  Mg;,(Sidj'.. .  a',m,A  = 

SpAt^    =  appproximate  agreement  only. 

the  last  case,  oorundophilite,  Tseherraak's  formula  agrees 
:er  with  the  actual  analyses  than  any  formula  derived  from 
system.  The  cause  of  divergence  will  be  considered  in 
nection  with  the  structure  of  amesite,  later.  Although  the 
erence  is  small  it  ought  not  to  be  ignored. 
n  general,  then,  the  orthochlorites  may  be  provisionally 
arded  as  mixtures  of  the  three  typical  or  generic  salts  Mg, 
3,),A„  Mg,(SiO,),M4,  and  Mg,(Si04),H4.  Whether  these 
ipounds  exist  separately  in  the  mineral  kingdom  is  an  open 
tstion,  and  one  not  easy  to  answer.  To  each  of  them  there 
approximations  ;  ekmannite  for  example  is  near  Fe,(Si04), 
in  composition  ;  but  it  is  more  probable  that  the  chlorites 
per  are  mixtures  of  intermediate  salts.  Some  pennines,  for 
ance,  fall  near  the  compound  Mg,(Si04),AMII, ;  and  other 
5  substances  appear  among  the  minerals  which  Tschermak 
tes  in  the  subgroup  of  leptochlorites.  A  consideration  of 
latter  must  precede  further  discussion  of  theory. 
Iiecording  to  Tschermak,  the  leptochlorites  form  three  sub- 
ups,  as  follows : 

L  Daphnite,  At^At'^Sp 

Chamosiie,  At,At',Sp 

II.  Metachlorite,  At^St^Sp, 

Klemeniite,  At^St,8p 

Cronsledtite,  AtSt 

Thuringite,  AtSt 

Euralite,  AtgSt^ 

Strigovite,  St 

III.  Diabantite,  ^t^^P, 

Aphrosiderite,  Ct^At^Sp^  to  CtjAt.Sp^ 

Dolessite,  Ct.At  Sp^  to  CtSp 

Runipfite,  Ct.At^^Sp 

Ipichlorite,  grengesite,  melanolite,  etc.,  lie  regards  as  chlo- 
s,  but  as  not  yet  definable.     The  delessite  from  Friedrichs 
a  he  places  provisionally  in  the  first  division  of  the  lepto- 
jrites,  along  with  daphnite  and  chamosite.     The  formulae 
en  are  deduced  from  specific  analyses,    but  when  several 
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analyeee  exist  for  a  species,  a  considerable  variability 
manifest,  wliicli  must  influeacc  all  attempts  to  &z  the  molemlu 
Btrncture. 

Taking  now  the  analyses  as  cited  by  Tschermak,  a  nnmber 
of  them  reduce  at  once  to  the  aame  type  of  subetitntioD 
formula  as  that  which  I  have  aesigned  to  the  orthochlorites. 
Uniting  like  oxides,  Fe,(),  with  A1,0„  MgO  with  FeO,  etc,. 
we  get  at  once  the  following  expressions  from  the  analytical 
data.  The  name  of  the  analyst  follows  the  name  of  the  speciea : 
Daphiiite,     Zeynck,  l'>'.,{SiO.)„     H„A..M„ 

Chamosite,  Borickv,         Ku'.JSiO,),,    H„A„M„ 
Dclesftile,     Piifi-hl',  Mii.(SiO.).,    H„A„M„ 

Thuringile,  Gintl,  I-V'    (SiO  \,      11    A   M 

Kcyser,  l'V'',(SiMj;,     !I;;a.'M,' 

An  approximation  to  close  agreement  with  theory  is  evident 
at  a  glance  ;  but  a  better  conception  of  the  agreement  may  be 
obtained  hy  calculation,  using  the  following  formalaa : 
Dapbnite,  Fe,(SiO.),.4,(FeOHl,H, 

Chamosiic,  "  "  " 

Delesfiitf,  (  1   Fc,(SiO.),A,(FeOH),H, 

(Friedrichsrcla)     J  3  Mg,(SiO,),A,M,H, 

i  1  Fe,(8iO.),H, 
Thuringito,  (  ^  Fc,(SiO,),A,{FeOH),H, 

\  I  Fe,(SiO j,A. 
To  this  list  we  may  add  the  thunugite  from  Lake  Superior, 
analvzed  by  Penfield  and  Sperry,  which  becomes  5Fe,(SiO,), 
(Fe6H),+"!lFe,(SiO,),A^.     The  analyses,   rednced  to  typioJ 
form  and  to  100  per  cent,  as  is  usual,  are  as  follows: 

IbipliiiitR.     rhniiiUHite,     Delcs^ite.    Tlniriniiite.    TburiDgite.     Thurininte. 
ZL-j-riek.       liork'ky.         i'lili.lil.  Giiitl."  Kej-Ber.  P.  i.  S. 

Sin,        'f.i-ii-  2r,i7  -i^'ia  23-.=iH  ■24-1 B  21-SS 
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In  Bhort,  these  chloritee  are  apparently  compounds  of  pre- 
iiaeij  the  same  type  as  the  ortliochiorites.  Daphnite  and 
•haiuDsite  vary  from  theory  by  small  amounts  in  opposite 
Itrections,  the  one  Iiaving  a  tnfling  excess  of  an  FeOH  salt, 
he  other  an  excess  of  an  A1H,0,  compound.  Closer  agree- 
Dents  could  not  be  reasonably  expected. 

In  order  to  properly  interpret  the  remaining  leptochlorites, 

ire  must  return  to  the  fundamental  idea  of  the  eubstitutiou 

lypothesis.     Starting  with  the  normal  ortho-salt,  we  get  at 

>nce  the  following  probable  series  of  derivatives. 

Olivine,  Mg,(SiO.), 

Mg.(SiO.),R', 
Orthochlorites,        Mg,(SiO,)  Jt, 
Mg(SiO,),R', 
In  the  first  of  these  derivatives,  the  compound  intermediate 
between  the  orthochlorite  type  and  olivine,  we  find  the  key  to 
most  of  the  leptochlorites.     Again  discussing  the   analyses 
mainly   considered    by   Tschermak,   omitting    strigovite   and 
mmpfite  for  separate  inspection,  we  get  the  subjoined  semi- 
empirical  expressions : 

Metachlorite,     Zevirek,  Fe'„(SiO.)„ 

Earalite,  Wiik,  ''*'g..(,SiOj., 

Diabantite,        Hawes,  Mg„(SiO.)„ 

Klementile,        Klcraent,  iIg„(SiO,)., 

DelPBsite,  Heddle,"  Mg„{8iO.)., 

Cronstedtite,     Liidwig,  Fe.,  (SiO,),^. 

Aphrosiderite,  Rammelsberg,        Fe^,  (^iOJ,, , 

Metachlorite,  at  one  end  of  this  series,  corresponds  nearly  to 
the  orthochlorites;  while  aphrosiderite,  at  the  other  end,  ap- 
proaches the  composition  Fe,(SiO,),A,.  All  the  other  min- 
erals in  the  series  fall  between  these  extremes.  Reduced  to 
general  form,  the  expressions  become  : 

Metachlorite,  4R',(SiO.},R'.  -I-  lR',(SiO,),A, 

Euralite,  7  "  4-3         " 

Diabantite,  4  "  +3         " 

Klc  men  lite,  1  "  -f  1         " 

Delesaite,  1  "  -t-2        " 

Cronstedtite,  1  "  -i-4        " 

Apbrosiderite,  0  "  + 1         " 

These  ratios,  of  course,  are  not  rigidly  exact,  but  they  vary 
no  more  from  the  analyses  considered  than  the  analyses  of  the 
different  occurrences  in  any  one  species  vary  among  them- 
selves. In  the  last  case,  the  actual  analyses  show  small  admix- 
tures of  the  orthochlorite  type ;  but  the  approximation  ia 
*  The  deleuite  from  Bowling  Qu&nj.  The  aaniple?  from  Diimbuck  and  Long 
Cnig  agree  well  with  this. 


H,.A 

.,M.. 

H.A, 

„M. 

H.,A, 

X 

H,A. 

K 

H„A, 

„M, +S4aq. 

h'Si, 

learlj. 
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nevertheless  quite  close  to  theory.  It  will  be  seen  that  tlie 
value  of  K',  in  the  second  term  of  each  expression  is  cooBtent; 
that  is,  that  we  have  either  A1H,0,  or  the  correepondinji:  ferric 
radicle ;  bat  the  valnee  of  the  first  term  are  somewhat  different 
In  raetachlorite,  as  in  daphnite  and  chamosite,  R'  =  A,MH: 
in  cronstedtite  it  is  A,,  and  in  delessite  it  is  H,.  In  klemeDtite 
we  have  R',  =  A,M  ;  in  diabantite,  3R'^  =  M,H,;  and  in  eara- 
lite  7R',  =  A„H,.  Such  ratios,  however,  are  difficult  to  lii 
sharply,  because  of  the  uncertainties  in  the  water  determint- 
tions.  In  Ileddle'e  analyses,  however,  the  water  given  off  it 
100°  is  dietiiiguished  from  that  retained  at  higher  tempers- 
tures,  and  the  resulte  are  con-espondinglj  favorable  to  theoir. 
In  his  delessite,  for  instance,  the  water  becomes  partly  water  of 
crystallization;  and  the  mineral  from  Bowling  Qnarry  agreee 
well  with  the  formula  2Mg,(yi<J.).A,,  2aq+Mg,(SiO,),H,: 
with  about  3  of  the  magnesium  replaced  by  ferrous  iroa 
Calculating  the  composition  of  each  mineral  from  the  formalie 
given  below,  and  comparing  the  results  with  the  redue^ 
analyses  from  which  tlic  expressions  were  derived,  we  can 
judge  of  the  closeness  with  which  the  facts  and  the  theor; 
agree. 

Melafihloriie.        4Fo,(SiO.),A,(Fc-OII)H  +  Fe,(SiO.),A. 
Euraliie,  7Mj;,(SiO,),K',  +  ;iJlg,(SiO  )  A, 

Diabantito,  4MLi,(Si0.l.^R'  -fSFc  (SiO  )  A 

Klemenlite,  Mg,(SiO,),A,M  +  M^,(Si(  »,);.\, 

Delessite,  >!g,(SiO  )JI,  +^jM;;_(Sii.l,i..\,.  inq. 

Cronstedtite,  l'>,(SiO,),(Fe"ir.O,).  +  4Fc,(SiO  ),(F^"H,0,), 
Aplirosidt-riie,  F.>,(SiO,),.-\, 

ifelaclilcjritP.  ICuriilitv.  THaluntitc. 

Fiiimil.  i.'iilo.  F.iiiiiil.  VaiQ.  Found.  Cilc. 

SiO,         -'^-Si         2i-r,7  .■J7'74         .1«-15  34-05         34'34 

Al,(>,       20-42         liO-f-H  i8-iK         19'46  12'80         12'St 
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Delessite. 

Found. 

Calc. 

34-00 

33-83 

19-34 

19-17 

30-24 

30-08 

10-36 

1015 

6-06 

M 

6-77 

SiO, 

AlA 

MgO 

Hfo 

Aq 

100-00  100-00 

daciDg  the  data,  and  in  calculating  the  formulae,  I  have 
aly  assumed  R"  to  be  all  magnesium  or  all  iron  accord- 
)ne  or  the  otherpredominated.     Only  in  diabantite  the 

between  the  Fe  and  Mg  was  so  simple  that  it  seemed 
le  to  keep  both  in  view.  I  have  also  used  relatively 
ratios  between  component  molecules,  rather  than  tne 
omplex  terms  which  might  give  a  closer  agreement  be- 
malyses  and  theory.  That  is,  when  Mg,(SiO^),Ti\  and 
3^),A,  stood  actually  in  the  relation  of  11  to  10,  I  have 
ed  on  the  basis  of  1:1.  Most  of  the  divergences 
Q  '*  found"  and  "  calculated  "  are  due  to  this  cause  ;  but 
case  of  cronstedtite,  which  is  least  concordant  of  all, 
3  probably  a  small  admixture  of  some  more  basic  com- 
01  the  character,  possibly,  of  amesite. 
e  now  remains  to  be  considered,  of  all  of  Tschermak's 
chlorites,  only  strigovite,  rumplite,  amesite,  and  in  part 
^philite.  Of  these,  the  first  three  depend  each  upon  a 
malysis,  and  the  available  evidence  is  therefore  not  con- 
To  strigovite,  the  general  formula  H^Fe",Al,Si,Ojj 
o  apply;  which,  in  the  constitutional  expression  given 
'  Tschermak  has  alreadv  been  cited.     This  may  also  be 

Fe,(SiO  J,.  H(AIHAXAIOH),  which  is  of  the  ortho- 
j  type  with  the  bivalent  group  AlOH  in  place  of  R',. 
pfite,  which  has  the  empirical  formula  H„Mg,AlieSi,,0„, 
ne  group  AlOH  appears,  and  also  a  molecule  of  the 
•  the  last  derivative  of  olivine,  Mg(SiO  J,R'..  In  detail, 
;e  agrees  very  nearly  with  the  composition 

Mg,(SiO,),A,n,  +  2Mg(SiOJ,A,(A10H), ; 

i^ives  with  the  analysis  by  Firtsch  reduced  cis  usual,  the 
ig  comparison  : 

Riiinpfuo. 


Found. 

Calc. 

SiO, 

3101 

30-20 

Al,6, 

42'02 

42  79 

MgO 

13-73 
13-24 

13-42 
13-50 

100-00  100-00 
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It  must  be  reinem'bercd  that  in  order  to  account  for  nunp- 
fite,  Tschermak  as8uine<l  the  existence  of  the  constitaent  mole- 
cule At",  which  appears  in  none  of  hie  other  chlorites.      Both    ' 
in  his  Hchcme  ana  in  mine   the    mineral  is  exceptional,  and    - 
undoubtedly  it  needs  further  study. 

In  amcsite,  which  t)ccnrs  with  comndopbilite,  we  find 
another  chlorite  of  peculiar  composition.  It  is  the  moet  ba«c 
member  of  the  group,  and  contains  more  oxyeen  relatiHj 
to  its  silicon,  than  any  other  chlorite  known.  Its  formula,  a£ 
written  by  Tschermak,  is  AI,SiO„  H,(MgOH)„  which  is  the 
equivalent  of  his  serpentine  molecule,  with  Al,  in  place  of 
MgSi.  As  we  have  no  experimental  evidence  from  which  to 
reason,  we  may  with  equal  propriety  regard  ameaite  as  having 
the  structure 

0<  J[^  >SiO.  =  (AII!,0,), ; 

when  it  becomes  analogous  in  structure  to  the  other  chlorites, 
standing  in  a  similar  relation  to  them  aa  that  which  the  cHd- 
tonite  group  bears  toward  the  micas.  On  this  anppositioD  the 
micas  and  chlorites,  as  has  already  been  shown  elsewhere,* 
form  two  parallel  series  of  compounds,  as  follows  : 
Normal  orthosilicate,    Al,(.SiO,),  Mg,{SiOJ, 

Whence  derive —  Micas  Chlorite* 

Muscovite,  Al,(SiOJ,B,    Aphrosiderite,  Mg,(SiO.),K, 

Normal  biotile,  Al,(SiO.)Jt,    Orthochlorites,  Mg,(SiOJR, 

"       phloi,'opite,      AI,(Si(>,),R,  Mg(SiOJ,R. 

Clintonite,  AI<^>R'     Araesite,  0<^|>SiO.  =  8, 

"^  SiO,     :  R. 

In  certain  respects,  this  general  scheme  is  not  incompatible 

pith  Tscliermalt's  views.     The  ortliochlorites,  for  csaniple,  be 
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I  diaspore  on  one  side  and  emery  on  the  other.  Hence  the 
ip  A1H,0,  is  at  least  as  likely  to  be  found  in  aniesite  as  the 
Tiesian  compound  MgOH. 

till  another  analogy  between  the  micas  and  the  chlorites 
ains  to  be  noted.  In  the  phengitic  mnscovites,  in  some 
iffopites  and  in  the  lithia  micas,  the  ratio  of  silicon  to  oxy- 
18  less  than  1 :  4,  and  often  approaches  1  :  3.  This  varia- 
y,  as  I  have  shown  in  my  paper  upon  "  A  theory  of  the 
I  CTOup,"*  is  easily  explained  by  supposing  an  admixture 
nolecnles  containing  the  group  Si,0,  in  place  of  SiO^. 
J  equivalency  is  well  recognized  in  tlie  feldspar  series ;  and 
ng  the  micas  it  is  forcibly  emphasized  by  the  existence  of 
3nzen's  polylithionite,  in  which  the  group  Si,Og  replaces 
^  entirely.  Does  this  group  occur  in  chlorites  also? 
t  the  end  of  his  discussion  of  the  leptochlorites,  Tschermak 
lisses  a  number  of  minerals  as  doubtful  in  character,  either 
luse  of  unsatisfactory  analyses,  or  uncertainty  in  the  mate- 
described.  In  particular  he  names  the  species  grengesite, 
ite,  melanolite  and  stilpnomelane,  to  which  he  adds  epi- 
rite.  All  of  these  minerals,  together  with  epiphanite  and 
ibly  strigovite,  may  be  reduced  to  typical  form  by  assnm- 
the  presence  of  Si,Og.  For  grengesite  and  hullite  the 
yses  are  not  satisfactory,  and  the  formute  dedncible  have 
efore  no  weight.  Strigovite  has  been  already  explained 
issnming  in  it  the  group  AlOH,  but  a  reconsideration  here 
'^orth  noting  as  offering  an  alternative  formula  to  that  pre- 
isly  given.  The  formulae  which  I  have  obtained  are  as 
)ws: 

Stilpnomelane,  (      4Fe,(Si,0J,(FeH,0,),H, 

]  +3Fe,(Si0j,(FeH,0j,H, 


Melanolite, 


«      lFe,(Si.O,),fFeH,0,)  H 
I  +3Fe.(SiO,),(VeH,0,),h, 


Epichlorite,       j      lMg.(SiO.),H,  +  lMff,(Si.O.),H, 

1  +3Mg,(SiO.).(AlH,0,). 

Strigovite,         (      3Fe,(SiO,),(AlH,0,).II  + 


Epiphanite, 


(      3Fe,(SiO,),(AlH,0,) 

/  +lFe.(Si,(>,),(Ani,0,), 

j      Mp.(Si.Oj,(AlH  O,), 
i  +3Mjj.(.SiO,),(Alli,0,), 

[ere  we  find  stilpnomelane  and  melanolite  are  orthochloritic 
type;    epiphanite  is  equivalent  to    aphrosiderite,  and   the 
JF  species  are  intermediate  like  most  of  the  leptochlorites. 
analyses  discussed  are  these  : 
tilpnomelane  from  Antwerp,  N.  Y.,  by  Brush. 
[elanolite,  Somerville,  Mass.,  by  H.  Wurtz. 

♦  BuUetin,  U.  S.  Geological  Survey,  No.  64. 
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Epichlorite,  from  the  Hartz,  b;  BammelBberg. 
Stri^vite,  Striegau,  by  Websky. 
Epipbaiiite,  Wcrmland,  by  Igeistroin. 
The  rednced  analyses  arc  as  K>now8  : 

Stilpnomelane.  Melanolite. 

Found.  CbIc  Found.  Calc 

34-25  S3'4S 

29-32  29-J4 

26-48  26-76 

995  10-04 

100-00  100-00 


29-51 
24-78 
36-06 


8iO, 

Feb 
H,0 

42-85 
24-74 
23-69 

8-72 

41-80 
2«-01 
23-41 
8-78 

10000 

100-00 

Kpichlorite. 
Found.                Calc. 

SiO, 
Al,6, 
FeO 
MftO 
11,0 

43-04 
17-75 

27-38 
10-93 

45-50 

16-58 

28-17 
9-75 

For  epiphanite  Igelstrdm's  anah'sis  needs  no  redactioD,  if 
we  calculate  witb  a  ratio  of  Mg :  FeC  ;7 : 6. 


Foiind. 

Calc. 

SiO, 
AI.O. 

37-10 

37-6« 

21-13 

21-34 

FcO 

20-00 

18-83 

MgO 

14-03 

14-64 

H,0 

7-83 

7-53 

100-09  10(1-00 

Tlie  agrecmentfi  are  sufficiently  eiose  tn  establish  the  validity 
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IT.  XXIV. — Recent  Fossils  near  Boston;    by  Warren 

Upham. 

[Read  before  the  Boston  Sodety  of  Natural  History,  Nov.  4,  1891.] 

Dossil  marine  shells  of  the  Postglacial  or  Recent  epoch 
^e  been  lately  discovered  at  severalplaces  in  the  vicinity  of 
stoD,  indicating  slight  postglacial  changes  in  the  relative 
els  of  land  and  sea,  and  proving  considerable  changes  in  the 
iperature  of  the  sea  there.  These  fossils  have  been  care- 
ly  collected  and  studied  by  Miss  D.  L.  Bryant,  of  the  class 
1891,  Massachusetts  Institute  of  Technology ;  and,  with 
►ographic  and  geologic  notes  of  the  localities  of  their  occur- 
ice,  they  were  the  theme  of  her  graduating  thesis,  to  which 
m  indebted  for  a  largo  share  of  both  the  observed  facts  and 
I  conclusions  drawn  from  them,  as  here  presented.  Another 
cresting  collection  has  been  made  by  Mr.  Collier  Cobb,  of 
J  Institute  of  Technology,  instructor  in  geology  and  palseon- 
ogy.  Miss  Bryant  gives  lists  of  species  obtained  by  excavar 
ns  and  dredging  in  three  localities. 

L  Grading  ana  deep  trenches  along  the  valley  and  estuary 
Muddy  River,  adjoining  Brookline  and  forming  the  western 
atinnation  of  a  new  park  of  the  city  of  Boston,  encountered 
fossiliferous  clayey  stratum  a  few  feet  thick,  lying  near  the 
esent  level  of  low  tide,  underlain  by  stratified  clay,  and 
rectly  overlain  by  a  bed  of  peat  about  one  foot  thick,  which 
succeeded  by  the  latest  fine  muddy  alluvium  of  this  stream, 
)m  5  to  12  feet  in  thickness.  In  the  upper  part  of  the  clay, 
B  thirteen  species  noted  by  asterisks  in  the  first  column  of 
B  following  table  were  found,  occurring  in  abundance  to- 
ther,  except  that  the  oysters  were  restricted  chiefly  to  one 
ice. 

2.  In  the  dredging  of  the  Charles  River  during  the  con- 
nction  of  the  new  bridge  from  the  Back  Bay  district  of 
«ton  to  Cambridgeport,  at  a  distance  about  one  and  a  half 
les  west  of  the  State  House,  there  was  brought  up  first  river 
id,  which  had  a  thickness  of  several  feet,  and  next  sand  con- 
ning shells  of  twelve  species  noted  in  the  second  column  of 
B  table.  The  river  here  is  a  broad  tidal  estuary,  a  great  part 
which  has  been  tilled  and  now  constitutes  the  Back  Bay 
itrict;  and  the  ground  where  these  fossils  were  dredged 
'ms  part  of  the  deepest  channel  of  this  bay  or  enlargement 
the  Uharles  River  back  of  the  original  peninsula  of  Boston. 
e  fossiliferous  sand  was  ten  feet  or  more  below  mean  low 
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tide  level,   above  wliicli  the  mean  height  of  the  tide,  both  in 
the  Charles  River  and  in  Bosttm  Harbor,  is  ten  feet. 

The  most  abundant  species  here,  occurring  in  ^reat  nnmben 
and  of  large  size,  are  Mya  arenaria,  Venus  mercenam, 
Pecien  irfadiana,  and  Ostrea  Yirginiana.  Some  of  the  sbellf 
of  the  long  clam  (Mi/a)  measure  five  inches  in  length  and 
three  inches  in  width.  A  small  oyster  eliell  in  this  bed  i» 
exceptional,  the  usual  length  being  eight  inches,  with  a  widtl 
of  two  to  three  inches  ;  while  uianj  are  ten  inches  long,  and 
one  valve  has  a  thickness  of  one  and  a  half  inches. 

7-''//t'  of  Jieo'rit  Fonsih,  Boston,  M-isx. 


Mnddr  Cbarltai  Cllf  | 


Pinant  sroenpUe  nift. 


So/anu  baiaaovks  Stimpsoo. 


AnaiMl  avara  Perki 
Laiialia  he™  Adam 
Crepi'Ma  fomieat 


Or  e/iiduJa  pimia  Say. 

Liltariiui  rudii  Gould.  : 

VlriculttS  canaliaUatvi  StimpaoD .  I 

Tagelug  gibbua  Gray. 

's  Adsoia. 


Shores  of  iFhole  North  il' 

Fla.  U)  Q.  of  SE.  Lawreon 
G.  of    Mei.   to    ftpe  Cod; 

local   north  to  (i.  of  SL 

Lanrence 
Same  Ha  preoedin;. 
'  K.  end   of   Lour   Ixlind  IB 

0.  of  Uox.  to  Mass.  Bay. 

Go.  to  S.  Labrador. 

Q.  of   Men,    to   Mass.  Bi»; 

local  north  to  O.  of  S4.  L 
Same  aa  prcopding. 
N.  J.  lo  A'rolic  Ocean. 
8.  C.  lo  MaBB.  Bay. 
'S.  C.  to  Arctic  Ocean. 
W.  Indies  and  G.  ol  Mti,  U 

Cape  Cod. 
Ga.  to  Greeolaod. 
Teiae  to  Labrador. 
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City  Point,  the  east  extremity  of  South  Boston 
as  Dorchester  Heights  in  the  history  of  the  Revolu- 
edging  is  in  progress  for  deepening  an  adjacent  part  of 
)or,  and  the  mud  and  sand  thus  removed  are  used  in 
iDsion  of  City  Point  for  the  site  of  the  Marine  Park. 
)th  of  water  where  the  dredging  is  being  done,  inid- 
^een  the  Point  and  Castle  Island,  is  about  ten  feet 
lean  low  tide,  and  the  excavation  goes  several  feet 
ringing  up  abundant  fossil  shells.    Twenty-one  species, 

the  third  column,  have  been  identiiied  here, 
•'our  species  mentioned  for  their  abundance  in  the 
Kiver  are  also  very,  plentiful  at  City  Point,  having 
arge  size,  which  shows  that  in  both  places  they  had 
3  conditions  for  luxuriant  growth.  Chief  among  these 
as  are  mild  temperature  and  clearness  of  the  water, 
ire  found  in  eistuaries  and  shallow  bays,  sheltered  from 
3S  of  storms. 

as  a  whole,  the  twenty-five  species  comprised  in  the 
d  fauna  of  the  three  localities  belong  in  their  present 
lie  range  to  a  somewhat  more  southern  and  warmer 
of  our  coast.  Fourteen  are  distinctly  southern,  and 
leir  northward  limits  at  Cape  Cod  or  in  Massachusetts, 
d  in  one  instance  near  Portland,  Maine;  excepting 
eral  of  them  occur  in  isolated  colonies  far  north  of 
neral  and  continuous  range,  as  in  Casco  and  Quahog 
aine,  and  especially  in  the  shallow  southern  part  or 
Bay  of  the  Gulf  of  St.  Lawrence,  from  Cape  Breton 
0  the  Bay  of  Chaleui*s.*      The  occurrence  of  these 

mollusks,  which  are  mostly  now  absent,  or  local  and 
th  of  Cape  Cod,  shows  that  the  sea  here  during  some 
;he  Recent  epoch  has  been  warmer  than  at  the  present 
ix  of  the  fourteen,  namely,  lycmassa  obsoleta^  Uro- 
nnerea^  Mulinia  lateralis^  Venus  mercenaria^  Modiola 
ij  and  Ostrea  Virginiana^  occur  in  each  of  the  three 

noted,  and  indicate  the  contemporaneousness  of  these 
All  of  the  eleven  northern  species,  some  of  which 

;he  presentation  of  this  paper  before  the  Boston  Society  of  Natural 
3  author  learned  of  M.r.  W.  F.  Ganong's  admirable  memoir.  "  .^^outhern 
es  on  the  Shores  of  Acadia,"  published  a  few  months  ago  in  the 
18  of  the  Royal  Society  of  Canada,  vol.  viii,  sec.  iv,  for  1890,  pp.  167- 
G-anong  gives  a  history  of  tl»e  discovery  of  the  character  of  t!ie  colo- 
of  marine  invertebrates  belonging  to  the  Virginian  fauna,  which  occur 
x>ast8  of  Acadia  and  Maine,  with  tabular  reference  to  tlicir  known 
md  a  discussion  of  their  rocent  extinction  on  intervening  portions  of 
lence  south  to  Massachusetts  Bay  and  <'ape  Cod.  He  accepts  the  ex- 
)f  Verrill  and  Dawson,  noticed  on  a  following  page,  for  the  present 
n  of  the  sea  here;  but  also  points  to  the  recent  increasing  severity  of 
aenland  and  Iceland,  and  suggests  that  the  marine  currents  there  like- 
>een  lately  warmer  than  now. 
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extend  to  the  Arctic  Ocean,  but  including  one  fonnd  only  on  I 
the  coaet  of  New  England,  range  to  southward  limits  beyond  i 
Cape  Cod.     In  short,  the  temperature  of  the  eea  in  MasBkchu-  ! 
setts  Bay  and  in  the  estuaries  of  its  rivers,  at  the  time  repre- 
sented by  tliese  deposits,   was  evidently  like   that  of  the  sa 
now  on  the  southern  coast  of  New  England,  which,  beeids 
the  increase  of  tlie  sun's  heut  due  to  the  lower  latitude,  re- 
ceives some  contribution  from  the  warmth  of  the  Gulf  Stn-am, 
whereas  the  waters  of  the  Gulf  of  Maine  and  Maasachueetti 
Bay  are  chilled  by  a  coastal  current  from  the  Dortb. 

The  relative  heights  of  laud  and  sea  were  apparently  almost 
the  eanie  as  now.  Every  one  of  the  twenty-five  recorded 
species  flourishes  on  the  shore  between  the  levels  of  high  and 
low  tide,  or  at  the  plane  of  extreme  low  tide,  or  in  shallow 
water  of  a  few  fathoms.  In  the  list  of  each  locality  ire 
species  that  prefer  a  di'|itb  r^liijlitly  below  the  lowest  lide,  ami 
each  also  has  other  species  tluit  are  cliicHy  restricted  to  ilw 
shore  above  low  water  mark.  Probably  the  best  iuterprctation 
is  that  suggested  by  the  layer  of  peat  at  the  first  locality,  im- 
mediately overlying  the  foesils,  near  the  low  tide  level.  Tiie 
water  there  was  gradually  becoming  shallower,  and  the  Isnd 
was  finally  lifted  above  the  reach  of  the  tide  at  the  time  of 
formation  of  the  peat.  Subsequently  it  has  been  depressed  A 
least  several  feet,  which  latest  movement  has  now  apparetitk 
ceabed  on  this  part  of  the  coast 

Postglacialoacillationsof  considerable  amount,  thus  lifting  the 
land  and  afterward  depressing  it,  are  known  to  have  affiled 
a  large  part  of  our  Atlantic  seaboard ;  and  Praf.  A.  E.  Tt^ 
rill*  and  Sir  William  Dawson+  believe  that  these  recent 
changes  of  level  have  been  sufficient  to  e.xplain  the  important 
chaufi^es  of  temperature  of  the  sea  here,  whereby  soullieni 
mollusks  were  permitted  to  extend  northward  to  the  Gnlf  of 


W.  Upham — Hecefit  Fossils  near  Boston,  205 

iggests  that  the  Strait  of  Belle  Isle,  which  is  about  ten  miles 
ide  and  18(»  feet  deep  in  its  narrowest  and  shallowest  part, 
lay  have  been  closed  by  the  elevation,  shutting  out  the  cold 
aters  that  pour  through  it,  carrying  small  icebergs  and  floes 
ito  the  Gulf  of  St.  Lawrence;  while  as  great  an  uplift  of  the 
ctensive  shallow  Fishing  Banks  would  ward  off  the  arctic  cur- 
mt  far  into  the  ocean.  If  we  had  to  consider  this  coast  alone, 
le  explanation  would  seem  very  acceptable ;  but  evidences  of 
ich  warmer  postglacial  temperature,  both  of  sea  and  land, 
icceeded  now  by  a  moderate  degree  of  refrigeration,  are  found 
)  extend  over  all  the  North  Atlantic  region,  including  also 
reenland,  Iceland,  northwestern  Europe,  and  even  Spitz- 
Brgen.*  We  therefore  must  conclude  that  these  climatic 
langes  probably  have  depended  in  common  on  farther  reach- 
i|5  causes  and  conditions,  which  may  yet  have  consisted  chiefly 
I  geographic  movements  of  elevation  and  subsidence,  with 
leir  effect  on  the  general  oceanic  circulation. 
Between  the  time  of  departure  of  the  ice-sheet,  at  the  close 
I  the  Glacial  period,  and  the  time  of  northward  migration  of 
le  southern  marine  fauna,  a  very  important  upward  movement 
ftd  taken  place,  affecting  the  eastern  provinces  of  Canada  and 
le  northern  two-thirds  of  New  England,  extending  south  to 
16  latitude  of  Boston.  To  speak  more  strictly,  however,  this 
plifting  of  our  part  of  the  continent  was  limited  southeast- 
ward by  a  line  drawn  approximately  from  the  mouth  of  the 
[ndson  northeast  to  Boston  and  onward  through  Nova  Scotia. 
?hen  the  ice-sheet  was  being  withdrawn  from  this  region,  the 
Duntry  south  of  this  line  stood  somewhat  higher  than  now,  as 
I  shown  by  the  channels  of  streams  that  flowed  away  from  the 
lelting  ice  and  ran  across  the  modified  drift  plains  which  form 
16  southern  shores  of  Long  Island,  Martha's  Vineyard,  Nan- 
acket,  and  Cape  Cod.  A  subsequent  depression  of  the  land 
bere,  continuing  perhaps  to  the  present  time,  has  brought  the 
3a  into  these  old  river  courses.  But  north  and  northwest 
rom  this  line  the  land  at  the  time  of  recession  of  the  ice-sheet 
ras  lower  than  now,  and  the  coast  and  estuaries  were  more 
jbmerged  by  the  sea.  At  Boston  and  northward  to  Cape 
inn  the  depression  appears  to  have  been  no  more  than  10  to 
5  feet.  Fossiliferous  beds  overlying  the  till  show  that  the 
ertieal  amount  of  the  marine  submergence  in  the  vicinity  of 
Portsmouth  was  about  150  feet;  along  the  coast  of  Maine, 
rom  150  to  about  300  feet;  on  the  northwestern  shore  of 
fova  Scotia,  about  40  feet;  thence  increasing  westward  to 
bout  200  feet  in  the  basin  of  the  Bay  of  Chaleurs,  375  feet  in 

*  James  Greikie,  Prehistoric  Europe,  chapters  xx  and  xxi,  1881.  Warren 
pbam,  "  On  the  Cause  of  the  Glacial  Period,"  Am.  Geologist,  vol.  vi,  pp.  327- 
39,  Dec.,  1890. 
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the  St.  Lawrence  valley  opposite  the  Saji^neoay,  and  520  ia 
at  MoQtreal ;  300  to  400  feet,  increasing  from  south  to  nort 
in  the  hasin  of  Lake  Champlain;  ahont  275  feet  at  Ogdei 
borgh,  and  450  feet  near  the  city  of  Ottawa;  300  to  500  fe 
on  the  country  southwest  of  James  Bay;  in  Labrador  incra 
ing  northward  to  1,600  feet  at  Nachvak,  according  to  I 
Robert  Bell ;  and  in  northern  Greenland  and  Grinnell  Lai 
from  1,000  to  2,000  feet.  That  the  land  northward  frt 
Boston  was  so  much  lower  while  the  ieesheet  was  being  tnelt 
away,  is  proved  by  the  occurrence  of  fossil  shells  of  Z« 
arctica  Gray,  which  is  now  foiind  living  only  in  Arctic  s 
where  they  receive  muddy  Btreains  from  existing  glaciers  a 
from  the  Greenland  ice-sheet.  This  species  is  plentiful  in  t 
stratified  clays  resting  on  the  till  in  the  St.  Lawrence  valli 
in  New  Brunswick,  and  Maine,  extending  south  to  Portsmoal 
K.  H.  But  it  is  known  that  the  land  was  elevated  from  tt 
depression  to  about  its  present  height  before  the  sea  he 
became  warm  and  the  southern  molhisks  migrated  along  ti 
coast  -to  the  Gulf  of  St.  Lawrence ;  for  in  the  extensive  lists  • 
the  fossil  fauna  of  these  beds  none  of  the  southern  species 
included,  excepting  perhaps  the  oyster  in  southwestern  Maine 
From  the  Clianiplain  submergence  attending  the  departiii 
of  tlie  ice,  the  land  was  raised  somewhat  higher  tl>an  now,  an 
its  latest  movement  from  New  Jersey  to  southern  Greenlan 
has  I)een  a  moderate  depression.  The  vertical  amount  of  tli 
recent  subsidence  is  undetermined,  beyond  that  known  I 
stumps  and  peat  now  covered  by  the  sea;  and  it  is  difficn 
to  estimate  how  fa'  this  recent  and  probably  slight  oscillatit 
may  have  tended  to  produt-e  formerly  warmer  and  now  co 
sea  currentB,  with  the  faunal  migration  that  is  represented  I 
the  marine  colonies  of  southern  species.  It  seems  unlikel 
however,  as  before  remarked,  that  the  wanner  marine  tempei 
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tiey  are  no  longer  able  to  live  excepting  in  isolated  colonies 
hat  are  preserved  here  and  there  in  sheltered  shallow  bays. 

Looking  for  causes  of  these  changes  of  temperature  in  the 
Jorth  Atlantic  and  the  adjoining  countries,  it  seems  to  me 
ery  probable  that  they  were  due  mainly  to  a  formerly  larger 
olume  of  the  warm  oceanic  current  which  is  named  the  Gulf 
itream  because  a  considerable  part  of  it  issues  from  the  Gulf 
f  Mexico,  flowing  through  the  Strait  of  Florida,  while  per- 
lape  a  larger  part  leaves  the  tropics  east  of  Cuba  and  the 
iaoamas.  This  very  broad  current  pours  northward  to  the 
brctic  regions  and  there  enters  an  otherwise  almost  completely 
nclosed  ocean,  from  which  counter  currents  nearly  at  the 
emperature  of  melting  ice  flow  back  along  the  Labrador  coast 
nd  in  the  depths  of  the  Atlantic  under  its  warmer  surface. 
3at  within  tne  Recent  epoch,  during  which  these  climatal 
ibanges  have  taken  place,  an  elevation  of  a  large  region  of 
Uaska  and  eastern  Siberia  has  been  in  progress,  slowly  dimin- 
shing  the  depth  and  width  of  Bering  Strait.*  The  recency 
►f  this  uplifting,  probably  still  going  on,  is  shown,  like  that  of 
he  basin  of  Hudson  Bay,  by  drift-wood  on  the  sea  shores, 
ying  far  above  the  level  now  reached  by  storm  waves  at  the 
lighest  tides.  Mr.  Dall  reports  that  the  current  of  the  shallow 
Bering  Strait,  which  has  a  maximum  depth  of  only  180  feet 
md  is  about  36  miles  wide,  passes  north  into  the  Arctic  Ocean  ;t 
)ut  it  may  have  been  reversed  when  the  strait  was  formerly 
nnch  larger,  being  thus  an  outlet  for  a  part  of  the  waters  car- 
ried north  by  the  Gulf  Stream.  The  ^orth  Atlantic  and  the 
Arctic  Ocean  could  then  have  received  more  of  its  northward 
(?arm  current,  giving  a  milder  climate  to  northeastern  North 
America  and  northwestern  Europe  and  adjacent  Arctic  lands. 
On  the  other  hand,  an  outflow  from  the  polar  sea  through 
Bering  Strait  would  be  a  frigid  current,  carrying  greater  cold 
to  Alaska,  British  Columbia,  and  the  Paciiic  coast  of  the 
United  States. 

So  nicely  balanced  are  the  conditions  on  which  variations  of 
ilimate  depend,  that  the  former  depression  of  Bering  Strait, 
hrongh  resulting  changes  in  the  oceanic  circulation,  may  have 
>een  a  very  important  element,  re-enforced  probably  by  con- 
em  poraneous  greater  elevation  of  the  Cordilleran  mountain 
>elt  from  the  St.  Elias  range  to  the  Sierra  Nevada,  in  causing 
hese  mountains  and  the  adjoining  lower  ground  to  bear  very 
ately,  as  Russell  and  Becker  have  shown,  extensive  glaciers  or 
iven  ice-sheets,  which  have  now  disappeared  from  the  south- 

♦  Waiiam  H.  Dall,  Alaska  and  its  Resources,  1870,  pp.  462-166. 
t  Ibid.,  p.  285. 
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ern  part  of  this  belt  and  are  fast  retreating  in  A-laska.*  1^ 
last  500  or  1,000  years,  according  to  Bnssell,  have  been  marked 
by  rapid  glacial  recession  in  the  St.  Elias  region.  Bnt  dnriiig 
the  same  or  a  longer  time  the  North  Atlantic  area  has  been 
growing  colder,  gradually  exclnding  the  southern  niollDelu. 
causing  the  ice-sheet  of  Greenland  to  increase  again,  and  gir- 
iiig  to  that  country  a  much  less  hospitable  climate  than  donnp 
the  prosperous  period  of  the  Norse  colonies,  from  900  to  9)0 
veal's  ago.  Doth  the  de<irease  of  the  Alaskan  glaciers  and  tlie 
increase  of  cold  and  of  ice  accumulation  in  Greenland  an 
attributable,  as  1  believe,  to  the  present  partial  closure  of  the 
passage  between  the  Arctic  and  Pacific  Oceans. 

In  another  way,  however,  which  is  perhaps  more  probable, 
that  Is,  hy  assuming  that  the  principal  current  throDgh  the 
formerly  enlarged  liering  Strait  flowed  as  now  northward,  we 
may  almost  emially  well  explain  the  climatic  changes  of  both 
the  western  Ooruillcran  belt  and  the  North  Atlantic  arei 
Such  increiised  northward  outflow  from  the  Pacific  would  he 
subtracted  from  the  warm  Kuro  Siwo  or  Japan  current,  tlte 
greater  part  of  wliicli  passes  to  the  east  and  sonth  along  the 
chores  of  Alaska,  iiritisli  Columbia,  and  the  Pacific  States,  and 
would  thus  tend  to  produce  the  cold  of  the  recent  Cordilienn 
glaciation.  The  formerly  large  branch  of  the  Japan  current 
entering  the  Arctic  Ocean  by  Bering  Strait  would  be  pattlv, 
and  iiroi)ah]y  almost  wholly,  carried  thence  eastward  along  the 
northern  coast  of  North  America  and  through  its  archipelago 
to  Batfin  Bay,  Davis  Strait,  and  the  North  Atlantic,  bnngine 
somewhat  milder  climatic  conditions  to  Greenland  and  to  all 
those  shores  where  the  colonies  of  southern  marine  mollotb 
are  known.  With  the  subsequent  decrease  of  the  size  of  Ber 
ing  Strait,  during  the  past  1,000  years,  sending  more  of  the 
Japan  current  to  our  Pacific  coast,  the  Cordilleran  and  Alaskan 
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rO  years  since  the  first  settlement  in  Massachusetts,  very  sig- 
ificant  restriction  and  extinction  can  be  shown.  For  example, 
rofessor  Verrill  states  that  dredging  reveals  the  occurrence 
f  ^reat  beds  of  oyster  shells  a  few  feet  beneath  the  harbor 
lud  at  Portland,  where  they  are  associated  with  the  quahog 
Ventis  mercenaria),  scallop  {Pecten  irradian8\  and  other 
mthern  species ;  and  that  the  oysters  aiid  scallops  ^*  had  appar- 
Qtly  become  extinct  in  the  vicinity  of  Portland  Harbor  before 
le  period  of  the  Indian  shell-heaps,  for  neither  of  these 
secies  occurs  in  the  heaps  on  the  adjacent  islands,  while  the 
nahogs  lingered  on  until  that  time,  but  have  subsequently 
led  out  everywhere  in  this  region,  except  at  Quahog  Bay."* 
till  later  and  more  surprising  is  the  extmction  of  the  oyster 
"om  many  localities  on  the  coast  of  Maine  and  eastern  Massa- 
husetts.t  Native  oyster  banks  in  the  Charles  and  Mystic 
livers  two  hundred  years  ago  were  so  productive  that  an 
numeration  of  the  exports  from  Boston  to  the  West  Indies 
nd  Spain  in  1687  included  "  oysters  salted  in  barrels,  great 
aantities  of  which  are  taken  here."  Now  there  probably 
3main,  according  to  Ingei'soll,  only  two  localities  on  the  New 
Ingland  cc»ast  north  of  Cape  Cod,  where  native  .oysters  sur- 
ive,  these  being  Great  Bay  in  New  Hampshire,  back  of  Ports- 
lonth,  and  the  Sheepscot  Kiver  in  Maine.  They  are  likewise 
Imost  wholly  wanting  on  the  Canadian  continuation  of  the 
oast  until  Cape  Breton  Island  is  reached  ;  but  thence  west- 
rsrd  in  the  Gulf  of  St.  Lawrence  they  are  plentiful,  with 
umerous  other  southern  fepecics,  to  the  Bay  of  Chaleurs.  The 
xtinction  of  oysters,  and  of  their  southern  associates,  has  been 
npidly  going  on  from  Nova  Scotia  to  Cape  Cod  since  the 
arliest  settlement  of  the  country,  due  probably  not  so  much 
3  their  exhaustion  by  being  gathered  for  food,  or  to  any  and 
II  other  causes,  as  to  a  progressive  refrigeration  of  the  sea ; 
Dd  this  seems  referable,  as  before  indicated,  to  changes  in  the 
olame  and  warmth  of  marine  currents,  which  changes  ulti- 
lately  may  have  been  caused  by  the  former  depression  and 
(resent  uplifting  of  the  region  of  Bering  Strait. 

*Tbi8  Journal,  III,  vol.  vii,  p.  137. 

f  Bmest  logeraoll,  Report  on  the  Ojstcr-Iiidustry  of  tlic  UDited  States,  Tenth 
•OSOfl,  1881. 
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Abt.    XXY.—The   Highest    Old  Shore  Line 
Island;*  by  F.  B.  Taylor. 

Evidence  of  post-glacial  submergence  has  long  been  known 
to  exist  on  Mackinac  Island,  which  lies  in  the  Btrait  between 
Lake  Huron  and  Lake  Michigan,  Its  amonnt  has  been  vari 
qhsIv  stated  by  different  writers,  some  putting  it  at  250  feet, 
while  others  claim  that  evidences  on  the  higher  parts  of  the 
adjacent  mainland  indicate  an  amonnt  of  submei^ence  that 
would  rise  far  above  the  summit  of  the  island  which  attains 
an  altitude  of  about  300  feet  above  the  present  level  of  Lake 
Huron.  The  observations  of  which  I  give  an  account  here 
were  made  during  the  autumns  of  1890  and  1891. 

With  the  exception  of  the  rocky  faces  of  the  great  limestone 
cliffs  which  rise  on  its  eastern  and  western  sides,  all  the  lower 
levels  of  Mackinac  Island  show  plain  evidence  of  post^laciil 
submergence.  The  modern  beach  is  composed  almost  entirelT 
of  limestone  pebbles  which  are  generally  well  rounded.  The 
proportion  of  crystalline  drift  material  from  the  north  is  not 

¥-eat  and  is  confined  mainly  to  bowlders  of  considerable  size, 
he  narrow  strip  of  land  upon  which  the  village  is  built,  and 
wliich  rises  to  an  altitude  of  40  to  50  feet  at  the  base  of  the 
cliff,  is  composed  entirely  of  the  same  characteristic  beach 
material;  as  may  be  seen  in  any  of  the  little  gardens  of  the 
villagers  and  in  the  deep  cut  back  of  the  Astor  House  and  the 
old  court  honse.  But  on  ascending  to  the  higher  levels  of  tlie 
island  the  evidences  of  post-glacial  submergence  are  even  more 
marked.  At  an  altitude  of  about  170  feet  there  is  a  heavy, 
well  developed  heach  ridge.  This  ridge  is  the  lowest  of  a 
scries  of  four  or  live  like  ridges  which  rise  by  successive  step* 
altitude  of  about  205  feet  above  the  strait   or   ahoot 
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is  three  times  this  width.  In  some  places  two  or  more 
dges  run  together  and  form  one,  as  is  often  observed  else- 
•'liere.  On  the  short  range  four  heavy  ridges  are  clearly  seen 
dth  possibly  a  fifth  less  distinctly  formed.  In  two  of  the 
dder  trouglis,  which  are  five  to  six  feet  deep  between  the 
lain  ridges,  there  are  apparently  several  other  little  ridges, 
ne  to  two  feet  in  height.  A  road  which  runs  parallel  to  the 
Euige'and  close  to  its  west  side  cuts  the  top  of  each  ridge  and 
how^s  its  composition  to  be  a  characteristic  beach  formation. 
?lie  205  foot  beach  is  not  only  the  highest  one  of  the  series 
lere  described,  but  also  the  highest  on  the  island.  If  this 
idge  be  followed  through  its  full  extent  around  the  higher 
ground,  it  will  be  found  to  surround  a  small  tract  on  three 
ides.  On  the  remaining  side,  which  is  a  loug,  straight  line  of 
imestone  clifis  facing  towards  the  northeast,  all  the  beach 
idges,  except  the  lowest  or  170  foot  ridge,  are  wanting.  This 
>each  is  situated  at  a  considerable  distance  from  the  cliff,  and 
;he  ground  between  is  a  broad,  level  plain  with  an  altitude  of 
L70  to  175  feet.  On  this  plain  a  heavy  talus  of  fragments  and 
me^nlar  limestone  bowlders  lies  against  the  base  of  the  cliff. 
W^hile  the  waves  were  forming  the  205  foot  beach  around  the 
>ther  sides  of  the  circumscribed  tract,  they  were  beating  against 
this  northeast  cliff  and  the  water  on  the  plain  at  its  base  was 
}0  to  35  feet  deep. 

The  little  island  of  ancient  times,  thus  defined,  was  about 
three-fourths  of  a  mile  long  and  less  than  half  as  wide,  with  its 
longer  axis  running  about  northwest  and  southeast.  Its  north 
gnd  was  a  sharp  promontory  formed  by  the  long  cliff  facing 
northeast,  as  just  described,  and  another  shorter  one  facing 
ilmost  directly  west.  At  the  base  of  the  latter  the  205  foot 
t>each  is  well  developed,  but  it  is  very  narrow  and  the  ground 
irops  off  rapidly  westward  to  the  170  foot  plain.  The  highest 
point  of  the  ancient  island  is  at  its  southern  end  which  forms 
\  rounded  promontory  and  rises  to  a  little  less  than  100  feet 
ibove  the  205  foot  beach.  This  point  is  now  crowned  by  the 
earthworks  of  old  Fort  Holmes,  built  in  1812,  and  the  descent 
to  the  170  foot  plain  on  the  east,  and  to  the  205  foot  ])each  on 
the  south  is  a  steep  slope  of  drift.  On  its  west  side,  and  about 
\  quarter  of  a  mile  south  of  its  north  point,  the  surface  of  the 
island  descends  gradually  to  the  205  foot  level.  The  upper 
beach  is  here  wide  and  flat  and  encloses  a  considerable  tract  of 
low  ground  behind  it 

All  of  my  measurements  of  altriude  were  made  with  an 
aneroid  barometer  and  are  subject  to  the  inaccuracy  of  that 
instrument.  But  the  170  and  205  foot  beach  levels  represent 
in  each  case  the  mean  of  more  than  a  dozen  independent  ob- 
servations taken  under  favorable  conditions  and  are  therefore 
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probably  not  far  from  true.  But  after  determminfir  the  fiwt 
that  the  highest  old  shore  line  od  Mackinac  Island  has  an  alti- 
tude of  about  205  feet  above  Lake  Huron,  another  broader 
and  more  difficult  question  aroaa  Did  post-elacial  sabmerg- 
ence  exceed  this  amount?  Suppose  that  it  did,  as  has  been 
implied  and  suggested  by  those  who  point  to  shore  tines  at 
higher  levels  on  the  adjacent  mainland.  What  evideoce  can 
be  brought  to  bear  upon  this  question? 

A  careful  examination  of  the  ancient  little  island  of  Mack- 
inac, as  described  above,  and  of  the  surrounding  mainluid 
reveals  among  others,  the  following  facts :  The  whole  snrface 
of  the  ancient  island,  except  where  the  rocks  were  laid  bare 
along  the  edges  by  the  formation  of  cliffs,  is  covered  with 
glacial  drift.  This  drift  is  typical  in  its  composition  and  topo- 
graphical features.  Its  surface  bus  that  irregular  rolling  ap- 
pearance which  is  cliaracte fistic  of  a  drift-covered,  broken 
country.  Along  the  edges  near  the  cliffs  the  drift  has  been 
notched  by  the  little  rain  rills  which  carry  away  the  surface 
water.  Otherwise,  the  surface  shows  no  evidence  of  poet  glacial 
modification. 

The  composition  of  the  drift  is  well  shown  in  the  excava- 
tions of  old  Fort  Holmes  on  the  highest  point  of  the  islani 
The  parapet  of  the  fort  was  built  of  material  dug  partly  out  of 
the  inttTior  of  the  enclosure  and  partly  out  of  an  outer  ditch. 
This  ditch  is  five  or  six  feet  deep  and  seems  to  have  been  ex- 
cavated entirely  out  of  bowlder  clay,  which  is  well  exposed  in 
several  foot  paths  which  cross  the  earthworks.  The  clay  a 
very  tough  and  of  a  reddish  color,  and  when  wet  is  quite 
slippery  under  foot.  But  when  it  is  dried  in  the  sun,  it 
forms  a  very  hard  surface.  It  contains  a  fair  sprinkling  of 
bowlders  of  moderate  size,  but  appears  at  the  fort  to  include 
comparatively  little   sand    imd    gc:ivL'l.      Tlje   clay   siiiJ   cuarwr 
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-cuts  and  gravel-pits  are  common  on  all  parts  of  the  island, 
[  foand  not  a  single  striated  pebble  in  any  of  those  below 
206  foot  level.  Below  this  level  the  loose  material  of  the 
d  generally  appears  to  be  rounded  and  water- worn.  The 
p  angular  fragments  which  are  intermingled  in  small 
itities  are  of  the  country  rock  and  were  probably  freshly 
ired  from  the  cliflFs.  I  found  nothing  resembling  bowlder 
below  the  205  foot  level,  though  it  probably  occurs  in  pro- 
d  places. 

nring  the  last  season  a  pit  was  due  at  the  target  on  the 
t  range  which  is  against  the  foot  of  Fort  Holmes  hill,  and 
Kcavation  was  also  made  at  a  higher  level  to  obtain  mate- 
for  filling  in  behind  a  log  backstop.  The  pit  is  in  the 
?h  behind  the  206  foot  beach,  and  the  backstop  is  about 
feet  higher  on  the  side  of  the  hill.  A  number  of  beauti- 
^  striated  pebbles  were  found  which  had  been  thrown  out 
be  pit.  Almost  the  whole  mass  of  material  excavated  for 
backstop  consisted  of  Paleolithic  flint  chips  originally 
7ed,  apparently,  from  the  chert  nodules  of  the  limestone  of 
apper  cli£Fs.  This  excavation  was  about  four  feet  deep. 
Itogether,  the  appearance  of  the  surface  of  Mackinac 
id  seems  to  show  that  all  parts  of  its  surface,  up  to  the 
I  of  206  feet,  has  been  modified  by  wave  action  smce  the 
>6ition  of  the  glacial  drift ;   but  that  above  that  level  no 

modification  has  taken  place. 

n  examination  of  the  mainland  north  and  south  of  the 
d  shows  that  they,  too,  have  been  post-glacially  sub- 
bed up  to  certain  levels.     Within  a  radius  of  20  miles  no 

reaches  an  altitude  of  more  than  160  to  170  feet.  Mc- 
pin's  Point  on  the  south  side  of  the  strait,  with  an  altitude 
bout  110  feet,  was  completely  submerged.  So  also  was 
bigh  ground  on  the  north  side  near  Pointe  La  Barbe,  alti- 
t  about  140  feet,  and  at  Gros  Cap  farther  west  and  a  little 
er.  On  the  shores  of  Little  Traverse  Bay,  about  40  miles 
hwest,  a  heavy  shore  line  is  found  near  Petoskey  at  an 
tide  of  about  100  feet  above  the  lake,  and  a  little  higher  at 
bor  Springs  on  the  north  side  of  the  bay.  At  the  latter 
B  the  shore  line  appears  as  a  great  terrace,  and  from  the 
I  of  the  bay  it  is  developed  westward  and  nortliward  con- 
Dusly  for  a  distance  of  more  than  20  miles  to  a  point  nortli- 
of  Cross  Village.  At  a  very  early  day  this  terrace  was 
jly  cleared  by  the  red  men  and  is  said  to  have  been  almost 
continuous  village  for  its  whole  length. 
t  the  time  of  the  great  post-glacial  submergence  the  high 
;  north  of  Little  Traverse  Bay  and  west  of  the  G.  E.  and 
y.  was  a  large  island,  nearly  rouiid  and  about  15  miles  in 
leter.      On  the  south  side  of  the  bay  the  shore  Uue  ex-» 
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tends  inland  eastward  from  Petoskej  at  least  20  miles,  and 
passoB  south  of  Crooked,  Pickerel,  Burt  and  Mallet  Lalces. 
Beyund  this  its  place  is  not  yet  determined.  Southwest  from 
Petoakey  the  old  shore  line  is  quite  irregnlar  but  continnoiu, 
at  least  as  far  as  Traverse  Citv,  a  distance  of  about  50  miles,  at 
which  point  the  old  delta  ot  the  Board  man  Kiver  shows  the 
water  level  to  have  been  at  an  altitude  of  about  80  feet 

The  identity  of  thia  great  deserted  shore  line  with  that 
found  on  the  shores  of  Lake  Huron  and  Georgian  Bay,  called 
by  Professor  J.  W.  Spencer,  the  Algonquin  beach,  and  de- 
scribed by  him  in  recent  numbers  of  this  Journal,  seems  almost 
certain.  The  npper  beaches  of  Mackinac  Island  are  without 
doubt  only  an  isolated  part  of  the  same  great  shore  line. 

It  is  well  known  that  almost  the  whole  of  the  northern 
peninsula  of  Michigan  has  been  submerged  since  the  glacial 
epoch.  This  area  of  submergencG  is  continuous  with  that 
which  I  have  described  on  the  south  side  of  Mackinac  Strait, 
and  includes  a  large  part  of  the  south  shore  of  Lake  Superior, 
Some  years  ago  I  saw  deserted  shore  lines  near  Au  Train,  at 
Marquette  and  at  the  west  end  of  Lake  Superior  which  prob- 
ably l>elo[ig  to  some  stage  of  the  same  epoch  of  submergence. 

The  old  shore  line  between  Traverse  City  and  Mackinac 
Island  shows  the  same  northward  rise  as  has  been  found  in 
post-glacial  shore  lines  elsewhere.  From  Petoskey  to  Mack- 
inac Island  the  northward  component  of  distance  is  abont  33 
miles  and  the  Mackinac  beilch  is  abont  100  feet  higher  than 
that  at  Petoskey.  The  northward  component  of  differential 
elevation  between  these  points  is,  therefore,  three  feet  per 
mile.  From  Traverse  City  to  Petoskey  the  northward  com- 
[>onent  of  distance  is  about  41  miles,  and  the  difference  of 
elevation  of  the  beaches  ia  approximately  20  feet,  making  the 
northward  factor  of  differential  elevation  six  inches  per  mile, 
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et  or  more  above  the  lake.  They  have  been  cleared  for 
iltivation  and  they  show  those  peculiarities  of  surface  forma- 
yn  which  characterize  only  an  unmodified  drift  topography, 
hey  are  heavily  drifted  and  their  surfaces  have  those  long, 
*aeeful  curves  with  upward  convexities  which  are  unerringly 
tribnted  to  the  constructive  action  of  the  ice  sheet,  and 
hich  are  plainly  not  a  product  of  any  known  destructive  or 
oding  agent.  In  case  of  greater  submergence  they  would  be 
:posed,  as  the  shore  below  is  to-day,  to  the  full  force  of  the 
est  and  northwest  winds,  and  they  conld  hardly  escape  the 
oding  action  of  the  waves.  The  modified  course  or  Bear 
reek  proves  that  during  the  formation  of  the  Algonquin 
^ch  at  this  point,  and  during  the  entire  subsequent  recession 
■  the  waters  down  to  their  present  level,  the  waves  of  the 
est  winds  have  played  a  strongly  predominant  part  in  the 
edification  of  the  shore.  Below  the  Standard  Oil  Co.'s 
ation  south  of  Petoskey,  Bear  Creek  runs  towards  the  north- 
est  and  once  entered  the  lake  in  that  direction  through  a 
irrow  gorge.  But  its  present  course  turns  abruptly  from 
>rthwe8t  to  northeast  where  its  banks  are  about  90  to  100  feet 
>ove  the  lake.  From  this  point  it  flows  about  half  a  mile  to 
3  mouth  in  a  course  nearly  parallel  with  the  present  shore, 
id  descends  quite  rapidly.  Tnere  are  good  exposures  in  the 
inks  at  the  bend  and  they  show  deep  sections  of  character- 
tic  beach  material — rounded  pebbles,  gravel  and  sand — up  to 
>oat  90  feet  elevation.  The  position  of  this  material  shows  that 
;  the  time  of  the  Algonquin  submergence  the  eastward  littoral 
ansportation  was  so  great  that  it  lorced  the  stream  to  turn 
lide  in  the  direction  of  the  movement,  and  the  continuation 
I  the  stream  in  the  same  modified  course  ever  since  shows  that 
le  same  disturbing  element  has  acted  continuously  at  lower 
vels.  The  shortness  of  the  rock  gorge  below  the  bend  indi- 
ites  a  comparatively  recent  date  for  the  change.  Many  lakes 
ong  this  shore  have  been  partly  formed  by  littoral  dams  of 
JIgonquin  or  later  age. 

fiat  in  respect  to  exposure  to  wave  action,  Mackinac  Island 
}ems  to  me  to  be  a  test  case.  For  its  geographical  position  is 
ich  that  in  the  event  of  a  general  submergence  of  tnat  region 
\  or  beyond  the  depth  indicated  by  the  Algonquin  beach,  it 
ould  stand  alone  in  a  wide  expanse  of  water.  The  nearest 
lainland  would  then  be  about  30  miles  to  the  south  and  the 
rarest  islands  about  20  miles  to  the  north  and  southwest.  In 
1  other  directions  open  water  would  stretch  away  100  to  200 
liles.  From  Traverse  City  to  Mackinac  Island  and  at  least  26 
liles  farther  north,  the  plane  of  wave  erosion  appears  to  have 
5ted  at  every  horizon  up  to  the  level  of  the  Algonquin  beach, 
ut  above  tnat  plane  tnere  is  no  evidence  of  such  action ;  at 
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leaat  np  to  a  level  of  100  feet  above  the  Algonqaio  beach  u 
seen  on  Mackinac  Island,  and  200  feet  above  it  aa  seen  it 
Petoskey. 

It  might  be  euppoeed  that  the  sniall  area  of  Mackinac  Island 
was  Bubmerged  and  re-elevated  by  moveioente  so  gndden  that 
the  waves  had  no  time  for  effective  action  at  any  horizon  be- 
tween 205  and  300  feet.  But  the  difiicalties  in  the  way  of 
such  a  supposition  are  many  and  great,  and  when  it  becomes 
necessary  to  extend  the  application  of  it  to  an  area  lOO  miln 
long  and  even  to  the  wliole  area  of  the  three  tipper  Great 
Lakes,  the  difficulties  become  insuperable. 

The  most  impressive  feature  of  the  old  shore  line  which! 
have  described  is  the  great  strength  of  its  development.  The 
time  during  which  the  water  level  stood  at  or  within  35  feet  of 
its  highest  stage  must  have  been  of  very  long  duration,  for  by 
far  the  strongest  development  is  within  this  limit.  The  ap- 
pearance is  just  such  as  would  be  produced  if  the  water  had 
risen  slowly  at  a  steadily  decreasing  rate,  stood  long  at  its 
highest  level,  and  then  had  fallen  away  again  as  slowly  and  at 
a  steadily  increasing  rate.  The  Iroquois  beach  of  the  Ontario 
basin,  described  by  Dr.  G.  K.  Gilbert  and  Professor  J.  W. 
Spencer,  has  the  same  strong  development,  except  where  lack 
of  drift  gave  little  loose  material  for  the  waves  to  work  apoD. 

If  the  rise  of  the  Algonquin  beach  on  the  east  side  of  the 
Georgian  Bay  continues  northward,  it  mnst  extend  far  above 
the  pass  at  Lake  Nipissing.  The  Iroquois  beach  has  the  eaine 
northward  rise,  and  if  its  approximate  meanplane,  aot  couot- 
ing  the  exceptional  high  grade  northeast  of  Watertown,  N.  T., 
be  produced  northward,  it  too  strikes  much  higher  than  the 
Nipissing  pass.  The  two  planes  come  as  near  tc^ther  at 
Nipissing  as  could  be  expected  in  view  of  the  considerable 
extend  of  irregular,  local  earth-warping.     Considering  this  fact 
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Be  sheet  which  we  know  to  have  retreated  with  a  halting, 
Inctuating  movement. 

But  there  is  positive  evidence  of  marine  post-glacial  sub- 
aergence  in  the  St.  Lawrence  valley.  On  the  mountain  at 
ifontreal  marine  sliell  beds  occur  at  an  altitude  of  520  feet 
Ijove  the  sea,  and  in  the  Pleistocene  dei)08its  of  Vermont 
lear  Lake  Champlain  the  skeleton  of  a  whale  was  found.  In 
he  depths  of  Lake  Superior  a  marine  or  brackish  water 
organism  is  found  living  to  day.  These  facts  are  all  well 
mown  and  their  prima  facie  significance  is  unmistakable, 
fet  many  geologists  put  them  aside  for  the  ice-dam  theory 
vhich  seems  more  complete.  The  idea  of  the  ice  dam 
recounts  for  the  submergence  which  made  the  shore  lines. 
3ut  the  facts  proving  marine  submergence  do  not  explain  the 
ause  of  that  submergence.  There  is  no  proof  that  the  waves 
vhich  washed  the  Iroquois  beach  were  ot  fresh  water.  Thev 
nay  have  been  salt,  but  more  probably  were  brackish.  If 
here  were  no  evidence  of  marine  post-glacial  submergence  in 
he  St  Lawrence  valley,  then,  on  purely  negative  evidence,  we 
night  remain  in  reasonable  doubt,  j^ut  the  marine  shells  at 
ifontreal  and  the  Champlain  whale  are  positive  evidence  of 
narine  submergence  of  tnoee  localities,  and  they  are  not  more 
han  150  miles  from  the  Iroquois  beach  at  Watertown,  N.  Y., 
ind  100  miles  from  its  position  at  Fine.  No  adequate  reason 
tan  be  given  why  we  may  not  make  the  almost  obvious  infer- 
jnce  that  these  marine  beds  are  in  the  same  area  of  postglacial 
ubmergence  as  the  Iroquois  beach.  We  know  that  salt  water 
toed  more  than  520  feet  deep  at  Montreal,  and  we  do  not 
mow  that  the  Iroquois  waves  were  of  fresh  water.  It  seems 
nore  pertinent,  therefore,  to  ask  what  barrier  could  have  held 
he  salt  water  out  of  the  Ontario  basin,  than  what  could  have 
leld  a  supposable  body  of  fresh  water  in. 

Higher  shore  lines  exist  in  the  Ontario  and  Erie  basins,  but 
hey  are  generally  comparatively  weak  in  development  and 
nany  of  them  are  known  to  be  of  a  distinctly  fragmentary 
haracter,  suggesting  isolated  areas  of  submergence  and  less 
Juration  of  time  in  their  formation.  All  those  wliieh  have 
)een  thoroughly  identified  as  shore  lines  are  in  hydro^raphic 
msins  so  situated  with  respect  to  the  several  lobes  of  the 
etreating  ice  sheet  and  certain  old  disuj^ed  river  beds  as  to 
trongly  suggest  the  operation  of  ice  dams.  The  longest 
>eacQes  yet  found  at  the  higher  levels  are  tliose  of  the  Erie 
kasin.  The  Maumee  beach,  which  is  the  hij^hest,  extends  east- 
ward from  Fort  Wayne  and  ends  at  Cleveland,  and  Dr.  Gil- 
)ert  found  the  termini  of  others  of  the  same  series  in  western 
JJew  York.      All   these   termini  are    in  comparatively  open 
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country  where  the  lines  could  easily  be  followed  farther  if  thej 
existed.  No  siicli  end  has  ever  been  found  for  the  Alf^nqnin 
or  Iro(iiioia  beaches.  They  have  merely  been  lost  in  the  bnfih, 
or  rocky,  scantily  drifted  regions,  and  await  more  carefnl  md 
energetic  exploration. 

If  shore  lines  are  found  in  the  highlands  50  to  70  miles 
Bouth  of  Mackinac  Island,  as  hae  been  reported,  tliey  mna 
have  been  formed  by  ice-dammed  lakes  which  were  drained 
oS  and  had  disappeared  before  the  summit  of  the  island  itself 
emerged  from  the  ice.  The  higher  beaches  of  the  Ontario 
basin  and  all  those  of  the  Erie  basin  were  probably  made  by 
jee-dammed  lakes.  But  the  heavily  developed  and  apparently 
continuous  Algoncjnin  and  Iroquois  beacliee,  including  tk 
170-205  foot  beaches  of  Mackinac  Island, — probably  all  one 
line,— were  made  by  watei-a  which  had  open  connection  through 
a  broad  strait  at  Nipissing  with  the  (Julf  of  St.  Lawrence, 
and  the  Atlantic  Ocean.  The  facts  suggest  a  provisionil 
classification  of  the  deserted  beaches  of  tlie  Great  Lakes  into 
two  divisions,  produced  by  entirely  different  causes,  and  prob- 
ably at  widely  separated  times,  namely:  the  higher  level, 
fragmentary  and  comparatively  weak  beaches,  probably  pro- 
duced by  ico-dammed  lakes,  and  the  lower,  strongly  developed, 
continuous  beaches  of  marine  origin,  formed,  probably,  long 
after  the  ice  sheet  had  disappeared  from  eastern  North 
America. 

FortWiiync,  Inii..  Nov,  IS,  1891. 


—  On  the  Nature  of  Colloid  Solutions  ;  by 
C.   E.   LiNEBARGEB. 
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laracter  of  the  molecule.  However,  the  facts  that  the 
lations  of  colloid  substances  do  not  have  an  appreciably 
gher  boiling  point  than  water  nor  a  lower  freezing  point,  and 
At,  in  dissolving  a  colloid,  no  change  of  temperature  takes 
ace,  or,  at  least,  but  a  very  slight  change,  seems  to  indicate 
at  a  colloid  solution  is  not  a  solution  in  the  ordinary  sense  of 
e  term,  but  rather  a  mechanical  mixture,  an  emulsion,  the 
Jloid  being  held  in  a  state  of  suspension  in  the  water. 
In  the  last  few  years,  able  investigators  have  occupied  them- 
Ives  with  the  subject,  and  their  conclusion  has  pretty  gen- 
ally  been  that  a  colloid  solution  is  really  only  an  emulsion, 
$•,  a  suspension  of  the  finely-divided  colloid  in  the  solvent. 
!o6t  of  the  experiments  have  been  carried  out  with  solutions 

•  colloid  silver.  But  silver  has  the  property  of  assuming  so 
any  allotropic  forme,  as  shown  by  the  researches  of  Carey 
da,  that  it  is  hardly  justifiable  to  apply  tiie  deductions  drawn 
om  the  phenomena  exhibited  by  it  to  other  colloid  sul>- 
ances.  Muthraann*  describes  two  experiments  which  to  his 
ind  are  convincing  proof  that  colloid  silver  forms  a  "suspen- 
on"  or  emulsion  with  water  and  not  a  true  solution. 

If  a  solution  of  colloid  silver  be  mixed  with  a  solution  of 
im  arabic,  by  adding  alcohol,  both  silver  and  gum  arable  are 
•ecipitated,  although  alcohol  does  not  precipitate  a  solution  of 
►lloid  silver  alone.  According  to  Muthmanu,  the  explanation 
■  the  phenomenon  is  that  the  finely-divided  silver  held  in  sus- 
msion  is  dragged  down  by  the  gum  arabic  when  alcohol  is 
Ided.  But  Carey  Lea  states  that  a  solution  of  litmus  in  water, 
hich  every  one  admits  to  be  a  true  solution,  mixed  with  a 
•lution  of  gum  arabic  is  also  precipitated  by  alcohol.  Muth- 
ann's  experiment  can  then  hardly  be  said  to  prove  the  exist- 
ice  of  colloid  solutions  differing  from  crystalloid  solutions  in 
at  particular. 

In  the  second  experiment,  Muthmann  let  a  solution  of  col- 
id  silver  freeze.  After  melting,  the  originally  red  color  of 
16  solntion  had  changed  to  a  black,  and  it  was  possible  by 
cans  of  a  good  microscope  to  distinguish  small  particles  of 
Iver  so  finely  divided,  however,  that  after  standing  for  a  week 
it  a  portion  settled  down.  Yet  this  experiment  does  not 
'ove  that  the  colloid  silver  is  held  in  suspension  in  the  water. 
only  shows  that,  by  freezing,  the  silver  is  made  to  pass  into 
state  of  greater  molecular  aggregation,  so  that  the  *' tagmas"t 
*nned  are  visible  under  the  microscope.  1  have  frozen  solid 
solution  of  colloid  tungstic  acid,  without  that  the  properties 
:  the  solution  were  in  the  least  changed.     At  any  rate,  colloid 

•  Ber.  der  d.  chem.  Gesellschaft,  xx,  983,  1887. 

f  Bj  '*  tagma  "  is  understood  a  combination  of  molecules,  i.  e.,  a  molecule  made 
> of  several  other  molecules.    See  Pfeffer's  ''  Osmotische  Untersuchungen,"  p.  32. 
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fiilver  IB  BO  anoinalouB  in  itB  bebavior  that  the  results  of  experi- 
ments carried  out  with  it  cannot  be  well  applied  to  other  col- 
loid BubstanceB. 

Exner*  has  made  an  examination  of  finely-divided  bodies 
eiis})ended  in  a  li(]iiid  with  a  view  to  explaininf^  the  pbenoin- 
ena  of  the  Browiiian  movements.     He  prepared  emulsions  of 

Kmboge  by  adding  water  to  a  solution  of  gamboge  in  alcohol. 
this  way  bo  tine  an  emulsion  was  obtained  that  nnder  ordi- 
narj  conditions  it  kept  as  such  indefinitely.  Exner  found  tliit, 
if  a  little  of  this  "suspension"  be  put  in  a  vessel  and  water 
carefully  run  down  over  it  so  as  to  form  a  distinct  surface  of 
separation  between  the  two  liquids,  after  some  days  this  sar- 
face  separating  the  liquids  became  obliterated,  in  other  worde, 
diffusion  took  place.  Accordingly,  finely-divided  particles  held 
in  suspension  in  a  liquid  would  seem  to  have  the  power  of  doine 
work  against  gravity;  for  it  is  only  by  the  expenditure  ot 
energy  that  a  particle  would  pass  from  a  lower  to  a  higher 
position  in  the  liquid  But  Exner  found  again  that,  if  the  ex- 
perin)eut  be  conducted  in  a  room  of  constant  temperature,  after 
three  days  not  only  no  particles  had  passed  from  the  lower 
liquid  to  the  upper,  but  that,  on  the  conirary^  a  portion  of  the 
gamboge  bad  settled  down  as  a  deposit  at  the  bottom  of  the 
vessel.  The  diffusion  phenomena  observed  in  the  first  experi- 
ment must  then  have  been  due  to  changes  of  temperature  and 
jarring.  According  to  the  second  experiment,  emnlsions 
do  not  possess  the  property  of  diffusion ;  they  are  only 
subject  to  the  action  of  gravity.  Muthmann's  second  expen- 
ment  also  afTordB  additional  proof  for  this  conclusion.  Bat 
Bolution.s  of  colloids  diffuse,  as  has  been  shown  by  Girabaru  ia 
the  case  of  albumin,  etc.  Here  is  then  a  fundamental  digtiD^ 
tion  Iwtween  a  true  solution  and  an  emnlsinn.  Diffusion,  as 
shown  by  .NcTUHt.f  is  due  to  osmetic  prei^^^ure.     There- 
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may  be  frozen  or  heated  to  150®  without  alteration.  I  have 
therefore  made  some  determinations  of  the  osmotic  pressure  of 
solutions  of  colloid  tungstic  acid  in  the  hope  of  obtaining  results 
that  may  throw  some  light  upon  the  nature  of  colloid  sub- 
stances in  solution.  As  osmotic  pressure  affords  a  precious 
means,  according  to  the  theory  of  van't  Hoff  on  dihite  solutions, 
of  determining  molecular  mass,  the  results  should  have  some 
interest. 

The  apparatus  used  consisted  simply  of  a  tube  about  8°™  hmg 
and  IS™""  in  diameter;  one  end  was  well-rounded  off  in  the 
flame  and  the  other  drawn  out  so  as  to  form  a  neck.  Tlie 
manometer  was  a  capillary  tube  with  a  bore  of  about  0  5"*'°, 
passing  loosely  into  the  neck  of  the  osmometer.  A  bit  of 
rubber  tubing  is  used  instead  of  a  cork.  Tlie  manometer 
should  be  so  adjusted  that  it  may  be  pushed  to  and  fro  in  the 
osmometer.  This  is  accomplished  by  greasing  well  the  interior 
of  the  rubber  tubing.  By  pushing  the  manometer  into  the 
osmometer  or  by  drawing  it  out,  the  pressure  may  be  increased 
or  decreased  at  pleasure.  The  membrane  used  was  thick  parch- 
ment paper,  which  was  bound  over  the  wide  end  of  the  tube 
by  means  of  silk  thread,  perfect  contact  between  the  paper  and 
the  glass  being  effected  by  the  use  of  a  solution  of  good  sealing 
wax  in  alcohol.  A  hermetic  joint  may  thus  be  obtained.  Of 
course,  a  great  degree  of  accuracy  cannot  be  obtained  with  an 
apparatus  of  the  above  description,  especially  when  it  treats 
01  measuring  high  pressures.  Still  with  pressures  not  exceed- 
ing 30-40^  of  mercury  quite  good  measurements  can  be  made. 
I  have  modified  the  apparatus  somewhat,  so  that  it  is  capable 
of  much  greater  precision.  The  results  obtained  with  the 
second  apparatus  will  be  published  in  a  succeeding  paper. 

The  osmometer  is  filled  with  the  solution,  the  osmotic 
pressure  of  which  is  to  be  determined  and  the  manometer  in- 
serted in  the  neck,  care  being  taken  that  no  bubbles  of  air  be 
present  The  osmometer  is  then  suspended  vertically  in  a  jar 
Blied  with  pure  water. 

Two  solutions  of  colloid  tungstic  acid  were  prepared,  whicli 
I  will  designate  by  the  Roman  numerals  I  and  11. 

1  c.  c.  of  sol.  I    contained  -024^)7  grins.  (IT,W()^)u 
1  c.  c.  of  sol.  II  contained  -OlOO    grnis.  ( ll^WO^n 

The  solution  of  tungstic  acid  was  i)rcparecl  by  adding  to  a 
h  per  cent  solution  of  sodium  tungstate  just  enough  hydro- 
chloric acid  to  take  up  the  sodium.  The  whole  was  dialyzed 
until  no  trace  of  salt  <!ould  be  detected  in  tlie  outer  li(|uid. 

I  filled  an  osmometer  with  sol.  I,  adjusted  the  manometer 
80  that  the  pressure  was  about  20*^'"  of  the  solution,  as  I  did 
not  employ  mercury  in  the  manometer  in  this  experiment,  and 
suspended  the  apparatus  in  pure  water.     The  solution  mounted 
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Bteadily  in  the  inanometric  tube  and  in  foar  days  had  reached 
tlic  height  of  about  three  yards.  Having  tbuB  got  an  idea  of 
what  osmotic  pressure  the  solution  would  exert,  1  repeated  the 
experiment,  using  mercnry*  in  the  manometer.  I  poshed  in 
the  manometer  so  that  the  mercury  stood  at  about  40™.  In 
twenty-four  hours,  it  had  fallen  to  515'3™,  and  remained  it 
this  lieight  for  about  four  days.  It  then  fell  slowly  and  in 
three  weeks  lind  fallen  nearly  6™.  In  another  experiment  I 
"set"  the  osmometer  at  about  15'°,  and  in  a  day  or  so  fonnd 
that  the  mercury  had  risen  to  25'1™.  Taking  the  mean,  i 
solution  of  colloid  tungstic  acid  containing  24'67  grms.  to  the 
liter,  exerts  an  osmotic  pressure  of  25'2™'  of  mercnry.  The 
temperature  at  the  time  of  the  readings  was  17°.  Applving 
the  fonnula  for  dilute  solutions,  ^)w  =  RT,  I  have  T  =  SW. 
Xt  =  84500,  and.  if  the  molecular  mass  of  colloid  tungstic  acid 
be  250,  i.  e.,  H,WO.,  v  =  10377,  p  =  2317-6«™  per  cm*  or 
1705™  of  mercury.  But  the  experiment' gave  only  an  osmotic 
preBsure  of  25'2™  of  mercury,  which  is  tt"77  times  less  than  the 
theoretical.  Hence,  as  molecular  mass  varies  inversely  as  the 
osmotic  pressure,  tlie  molecular  mass  of  (H,WO,)n  must  be 
about  16'.t3'  and  n  nearly  equal  to  7. 

With  sol.  II,  I  obtained  as  a  mean  of  several  determinatioDs 
an  osmotic  jircBfiurc  of  Hi'""  per  cm'.  As  the  pressure  with 
this  solution  was  so  feeble  I  used  the  solution  itself  in  the 
manometer,  reckoning  it  as  water.  This  pressure  corresponds 
to  a  niolccnlar  mass  of  1718,  which  corresponds  closely  with 
that  obtained  with  sol.  I. 

In  round  numbers  then  the  molecular  mass  of  colloidal 
tungstic  acid  is  about  1700  or  nearly  seven  times  250,  and  the 
colloidal  molecule  consists  of  seven  simple  molecules. 

All  of  the  phen(micua  exhibited  by  colloids  may  be  easil; 
explained  on  the  assumption  tliat  the  colloid  molecule  isv 
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it  to  be  0*1°,  which  corresponds  to  a  molecular  mass  of  456,  a 
Dumber  upon  which  no  weight  can  be  laid,  as  doubtless  most 
af  the  depression  was  due  to  the  salt  present  in  the  solution.* 
The  presence  of  a  small  amount  of  salt  would  have  no  effect, 
however,  upon  the  osmotic  pressure,  since  the  salt  could  pass 
freely  through  the  membrane.  Osmotic  pressure  is  then  due 
to  the  colloid  alone.  The  delicacy  of  the  osmotic  pressure 
method  is  very  great.  Using  the  solution  itself  to  measure  the 
pressure,  a  molecule  2000  times  heavier  than  hydrogen  in  1  per 
cent  solution  would  support  a  column  more  than  a  yard  high. 

A  colloid  solution  might  be  regarded  as  a  step  between  a 
true  solution  and  a  true  emulsion.  The  colloid  molecule  is  so 
much  larger  than  the  water  molecule  that  it  stands  to  reason 
that  the  properties  of  colloid  solutions  must  differ  markedly 
from  solutions  of  substances  which  possess  a  molecule  but  sev- 
eral times  heavier  than  water.  Hence  diffusion  of  colloids 
takes  place  slowly;  the  osmotic  pressure  is  small ;  and  but  a 
slight  lowering  of  the  freezing  point  and  raising  of  the  boiling 
point  occurs. 

As  to  the  nature  of  this  large  molecule  and  how  the  simple 
molecules  are  combined  to  form  the  complex  molecules,  it  is 
hard  to  give  an  opinion.  The  ease  with  which  colloidal 
substances  are  coagulated,  i.  e.,  pass  into  the  solid  state,  indi- 
cates that  there  exist  in  the  solution  molecular  groupings  simi- 
lar to  those  existing  in  a  solid.  It  is  generally  admitted  that 
in  solids  the  simple  molecules  unite  to  form  more  complex 
molecules  or  "  tagmas."  Similar  **  tagmas"  might  exist  as  such 
in  the  solution. 

The  facts  are  that  solutions  of  colloids  have  a  definite  rate  of 
diffusion  and  exert  a  definite  osmotic  pressure.  As  osmotic 
pressure,  diffusion,  lowering  of  the  freezing  point  and  raising 
of  the  boiling  point  are  intimately  related,  we  can  say  that  col- 
loid solutions  also  have  freezing  and  boiling  points  differing 
from  those  of  the  solvent.  We  conclude  then  that  a  colloid 
solution  is  a  solution  in  the  ordinary  acceptation  of  the  term 
and  not  a  "suspension." 

I  am  occupied  in  making  determinations  of  the  osmotic  pres- 
sure of  colloid  substances,  especially  of  the  albuminoids.  Cer- 
tain albuminoids,  as  is  well  known,  are  insoluble  in  pure  water, 
but  Quite  soluble  in  a  solution  containing  a  little  of  some  salt. 
As  tnis  salt  does  not  affect  the  osmotic  pressure  in  the  least,  its 
presence  does  no  harm.  Thus  I  hope  to  get  more  of  an  insight 
mto  the  nature  of  the  complex  substances  of  animal  origin. 

Clark  Uniyersity,  Worcester,  Mass. 

*  I  might  have  determined  the  amount  of  salt  present  and  thus  easily  found 
what  depression  was  due  to  the  acid  alone ;  hut  as  the  depression  was  so  small 
U)d  the  solution  so  dilute,  the  results  would  have  heen  worthless. 


384         Pumpeliy  and  Van  Hite — Obtervationt  upon 


Art.  XXVII. —  Ohservations  vjxm  the  Structural  JieUUiont 
of  the  Upper  Iluronian,  Lower  Buronian  and  Baaenunt 
Complete  on  t/ie  north  »/iore  of  Lake  Huron;  by  Raphau 
PuMPELLY  and  C.  R.  Vak  Hise. 

During  tlio  past  siiimner  we  visited  the  north  shore  of 
Lake  lltinjo  in  order  to  find  evidence,  first,  as  to  whether  the 
Original  Hnronian  of  Logan  and  Murray  is  divisible  into  tiro 
series  as  recently  advocated  by  the  late  Profeflsor  Alexander 
Winchell;  and,  second,  to  ascertain  more  definitely  the Tels- 
tions  which  obtain  biitween  tbo  Lower  Huronian  and  the  Base- 
ment Complex  of  the  region,  usually  called  Laurentian.  The 
tenn  Basement  Coinplex  is  here  preferred  in  order  to  avoid  i 
drscuBsion  ;is  to  any  correlation  with  the  original  Lanreutiui 
rocks. 

Rd(itio7is 'if  the  J'pper  and  LoKer  Hvronian. 

Prof.  Winchell  found,  as  he  thought,  evidence  of  two  series 
in  the  Original  Ilnronian  near  Echo  Lake.  At  thia  place, 
according  lo  him,  there  is  in  descending  order,  a  slate-conglom- 
erate and  qnartzite  witii  a  dip  of  about  20°.  There  is  then  nit 
interval  of  a  third  of  a  mile,  after  which  appears  a  qoartiose 
fl  late-con  glome  rate,  followed  by  quartzite,  and  this  by  alterna- 
tions  of  quartzite,  ijuartz-schist,  and  various  slates,  aehifits  and 
argillttes,  the  series  having  a  dip  of  75°  to  80°  southwesterly. 
and  lieing  as  a  wliole  more  crystalline  than  the  first  slatenjon- 
glomerate  and  qnartzite.  A  break  is  consequently  placed 
between  the  two,  the  upper  series  including  all  of  the  lime- 
stones and  iiuerveniiig  formations  of  Li^an  and  Murray's 
Ilunniian.* 
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glomerate  was  not  sufBcientlj  large  to  enable  one  to  determine 
strike  or  dip. 

Passing  now  a  few  paces  south  of  the  main  limestone  ledge, 
i.  e.,  geologically  upward,  the  actual  contact  between  it  and 
the  upper  slate-conglomerate  is  seen,  although  for  no  ffreat  dis- 
tance. This  contact  is  perfectly  sharp.  Upon  one  side  of  the 
line  is  the  typical  limestone;  upon  the  other  is  the  coarse  con- 
glomerate. The  bedding  of  the  latter  is  not  suflSciently  dis- 
tinct to  determine  whether  between  the  two  formations  there 
is  a  discordance.  Above  the  contact  occurs  a  good  sized 
exposure  of  upper  slate-conglomerate.  This  contains  innu- 
merable characteristic  fragments  of  this  formation,  including 
besides  various  granitic  frag^ments  those  of  basic  eruptives,  of 
quartzite  and  of  jasper,  'I'he  distinctive  feature  of  the  ex- 
posure is,  however,  tne  presence  of  very  numerous  fragments 
of  limestone,  which  sometimes  reach  a  foot  or  more  in  diameter 
These  fragments  have  precisely  the  appearance  of  the  strongly 
laminated  underlying  limestone.  The  bandings  of  the  frag- 
ments lie  in  various  directions,  showing  that  this  structure  ex- 
isted in  the  original  rock  at  the  time  of  the  deposition  of  the 
conglomerate. 

About  40  rods  east,  while  the  typical  upper  slate-conglomer- 
ate was  not  found,  at  the  extreme  southernmost  part  of  the 
limestone  bluff  is  a  limestone-conglomerate  or  recomposed 
limestone,  which  is  regarded  at  this  point  as  the  base  of  the 
opper  slate-conglomerate. 

A  large  exposure  of  lower  slate-conglomerate  some  distance 
to  the  west  of  the  locality  above  described  shows  the  bedding 
to  be  vertical.  It  also  has  a  cleavage  in  several  directions  so 
that  large  fragments  under  slight  blows  break  into  polygonal 
blocks.  As  compared  with  the  upper  slate-conglomerate  it  is 
much  more  crystalline.  Its  liner  grained  phases  pass  into  a 
siliceous  schist.  The  outcrop  of  lower  slate-conglomerate  adja- 
cent to  and  north  of  the  limestone  has  the  same  lithological 
character  as  the  large  bluff  to  the  west. 

It  is  concluded  from  the  above  observations  that  bearing  in 
favor  of  a  considerable  break  between  the  Upper  and  Lower 
Huronian  are  the  following  points : — There  is  ( I)  a  difference  in 
degree  of  metamorphism.  The  Lower  Huronian  has  been  so 
much  altered  as  to  liave  become  semi-crystalline  and  to  take  on 
various  cleavages,  while  the  upper  slate-conglomerate  has  no 
such  characters.  (2)  Blocks  of  limestone  in  the  upper  slate-con- 
glomerate are  in  exactly  the  same  condition  as  in  the  original 
ledge.  (3)  Also  the  jasper  fragments  here  contained  were  prob- 
ably derived  from  the  hematitic  jaspery  formation  which  is 
known  to  occur  in  the  Lower  Huronian.  This  sedimentary 
formation,  like  the  limestone,  belongs  to  one  series,  while  the 
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series  which  contains  them  as  detritos  is  of  later  age.  The  exist- 
ence  of  jasper  fragments  m  tlic  Red  Jasper  Conglomerate 
was  interpreted  by  Logan  as  "  showing  their  derivation  from  a 
more  ancient  stratified  rock." 

Thns,  so  far  as  evidence  was  found  by  ua,  it  bears  in  the 
same  direction  as  the  facts  cited  by  Dr.  Wineliell,  except  that 
we  would  place  the  nnconformily  in  the  Huronian  above  the 
lower  limestone  member,  whereaa  he  places  it  below  this  for- 
mation. The  Lower  Huronian  scries  would  then  comprise,  in 
ascending  order,  Logan  and  Murray's  Nos.  1  to  4  inclusive,  the 
whole  being  according  to  these  authorities  about  5000  feet 
thick ;  while  the  upper  series  would  comprise  Nos.  5  to  13 
inclusive,  the  whole  being  about  13,000  feet  thick.* 

Relations  of  Tj'jicer  Huronian  to  the  Ba»al  Complex, 

Contact  n^av  Gai-den  Jiivei: — On  the  left  side  of  the  road 
leading  from  the  Canadian  Sault  Ste.  Marie,  to  Garden  Kiver, 
is  a  huge  bluff  of  lower  slate-conglomerate  which  has  a  north 
and  south  extent  of  at  least  an  eighth  of  a  mile.  This  con- 
glomerate has  all  of  the  features  heretofore  described,  that  is, 
a  vertical  bedding,  cleavages  in  various  directions,  and  a  semi- 
crystalline  character.  In  passing  from  south  to  north  the  con- 
tained fragments  ai!  a  whole  increase  in  magnitude,  although 
even  after  the  exposure  becomes  strongly  conglomeratic  other 
layere  lower  down  may  be  found  which  are  nearly  or  wholly 
free  from  coarse  detritus.  When  the  north  end  of  the  expofiore 
is  reached  the  rock  has  become  a  magnificent  basal  conglomer- 
ate, consisting  almost  wholly  of  granite  fragments  set  closely 
together  and  forming  a  stucco.  The  sparse  fine-grained  mat- 
rix is  here  composed  of  materials  largely  indentical  with  the 
i  fragments.     Mingled  with  the  nuiiicrous  great  bowlders 
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sharply.  The  granite  of  the  ledge,  the  fragments  of  the 
recomposed  granite,  and  the  great  majority  of  those  of  the 
conglomerate  are  of  identical  character.  Although  the  actual 
contact  between  the  granite  and  conglomerate  was  not  seen, 
there  can  be  no  doubt  that  here  was  an  old  shore  line  and  that 
the  granitic  debris  of  this  lower  slate-conglomerate  was  derived 
from  the  granite,  this  being  a  pre-existent  ledge.  A  second 
visit  to  this  place  was  made  by  us  in  the  company  of  Dr. 
Charles  Barrois,  Dr.  Hans  Reusch,  Dr.  Carl  Schmidt  and  Dr. 
Th.  Tschemyschew.  After  having  carefully  examined  this 
and  another  adjacent  locality  in  which  the  relations  were  some- 
what obscure,  these  gentlemen  all  agreed  that  the  above  is  a 
correct  interpretation  of  the  facts. 

This  contact  is  not  between  the  lowest  formation  of  the 
Original  Huronian  of  Logan  and  Murray  and  their  Laurentian, 
but  is  at  the  base  of  their  lower  slate-conglomerate,  that  is,  is 
below  a  member  of  the  Lower  Huronian  series.  When  it  is 
considered  that  granitic  rocks  do  not  originate  at  the 'surface, 
but  must  have  been  deeply  denuded  before  they  can  yield 
blocks  to  a  basal  conglomerate  it  may  be  considered  a  certainty 
that  at  Garden  River,  there  is  a  physical  break  of  great  magni- 
tude between  the  Lower  Huronian  series  and  the  basement 
rocks  of  the  region. 

Contact  eaM  of  Thessalon. — A  locality  four  or  five  miles 
east  of  Thessalon  visited  by  the  late  Prof.  Irving  and  the 
junior  writer  in  1883,  and  described  by  Prof.  Irving  in  1887,* 
was  again  visited  by  the  writers  last  summer.  Prof.  Irving  states 
that  this  place  shows  a  true  unconformity  between  the  Huronian 
and  the  Archean.  He  describefe  and  figures  a  granitic  and  gneis- 
sic  basement  complex  upon  which  rests,  with  actual  contact 
exposed,  a  great  conglomerate,  the  debris  of  which  is  derived 
from  the  immediately  subjacent  rocks.  While  in  1883  the 
basal  conglomerate  was  seen  on  a  magnificent  scale,  the  contact 
was  found  only  for  a  few  feet  at  the  end  of  one  island. 

At  our  recent  visit  to  this  locality  the  water  of  Lake  Huron 
was  very  low,  at  least  three  feet  lower  than  in  1883.  The  con- 
tact instead  of  being  exposed  only  for  a  few  feet  at  one  place 
was  seen  all  the  way  across  two  low,  dome  shaped  glaciated 
islands,  the  length  of  contact  in  each  case  being  40  or  more 
feet.     The  facts  observed  are  as  follows : 

The  lowest  rocks  of  this  vicinity  were  found  not  to  be 
simply  a  granite  or  granitoid  gneiss  as  might  be  inferred  from 
the  general  descriptions  of  Logan,  but  are  an  intricate  mixture 
of  granites,  granitoid  gneisses  or  foliated  granites,  and  various 

•Is  there  a  Huronian  Group?    R.   D.   Irving:  This  Journal,   III,  1887,  vol. 
xxariv,  pp.  207-216. 
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crystaTline  schista,  A  gray  granite-gneiae  and  a  red  granite 
occuiB  in  coDHiderable  maeBes,  as  do  aUo  dark  colored  schii- 
toBe  rocks.  Here  the  fine-grained  gneiaaea  and  crystalline 
scbistB  have  been  most  intricately  iutrnded  by  the  granite, 
and  later  still  both  have  been  cut  through  and  through  h; 
pegmatitic  granite.  In  passing  from  a  granitoid  ezpoBRre  to 
a  schist  expoBure  tlie  first  evidence  pf  the  schists  is  the  appear- 
ance of  angular  and  partly  rounded  inclusions  of  these  rocks. 
In  paEsing  onward  there  appear  very  numerous  blocks  of  the 
schist  which  have  been  free  to  move,  and  the  laminations  of 
which  strike  in  van- 
ous  directions,  al- 
though there  is  often 
a  rough  parallelism 
in  their  structures. 
(See  figure  1,  drawn 
from  a  photogTaph.) 
I  The  schistoae  blocb 
have  been  more  or 
less  abstfrbed  and  the 
whole  has  a  peen- 
do-congloraeratie  ap- 
pearance which  is 
identical  with  psen- 
do-con  glome  rates  of 
a  similar  origin  described  by  Lawson  about  Rainy  Lake,*    In 

Eassing  onward  towards  the  scliistoeo  area  the  intrusive  granite 
as  cut  across  the  lamination  of  the  schists  and  parallel  to  them 
80  as  to  make  a  network  of  intriisivc  dikes;  but  the  schistoee 
material  has  not  greatly  moved  from  its  original  position,  con- 
sequent upon  which  there  is  a  parallelism  of  structure.  In 
piissing  fit'iU  f>nw;iril  the  soliUt?  are  cut  )>y  veins  or  dikes  of 
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fuliDg  to  find  those  of  another,  Barlow  eironeonsly  concluded 
that  the  latter  do  not  exist. 

However,  resting  upon  the  oryBtalline  complex  east  of  Thee- 
saloQ  aB  a  basement  is  the  great  conglomerate  described  by 
Irving.  This  conglomerate  contains  numerous  bowlders  of 
the  red  and  gray  granite,  of  the  pegmatitic  granite,  and  of  the 
Tarioae  crystalline  schists  derived  from  the  immediately  sub- 
jacent basement  com- 
^•G.  2  plex,  as  well  as  other 

materials  not  noted 
as  occurring  in  this 
vicinity.  The  char- 
acter of  this  con- 
glomerate is  shown 
by  figure  2,  drawn 
from  a  photograph. 
How  different  tnia 
true  conglomerate  is 
from  the  pseudo- 
conglomerate  may  be 
seen  by  comparing 
figures  1  and  2.  In 
figure  1  the  fragments  are  all  alike  and  the  same  as  the  adja- 
cent schist,  while  those  of  figure  2  have  great  variety  and  are 
more  rounded.  Also,  although  not  possible  to  represent  it  in 
figure  2,  the  matrix  is  fragmental  while  in  the  other  case  it  is 
crystalline  granite. 

The  line  of  contact  between  the  trne  conglomerate  avd 
the  basement  complex  across  one  island  is  so  distinct 
as  to  be  located  to  the  fraction  of  an  inch.  This  line  is 
irregular  and  in' one  place  varies  in  strike  within  a  foot  < 


PEGMATITE 


two  as  much  as  45°  or  50°  (se 


;.  3). 
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At  places  up(m  the 
lower  side  of  this 
line  is  the  gray 
granite,  at  other 
places  are  the  seliixt!', 
the  two  having  tlie 
relations  before  de- 
ihe<l,  and  both 
are  cut  by  the  pt-g- 
matite  granite.  At 
one  place  tlio  folia- 
tion of  the  crystal- 
line schist  or  gneiss 
abuts  perpendicular- 
ly against  the  line  of 
contact.     Along  the 
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line  of  contact  between  the  baeal  complex  and  the  true  cot- 
glomerate,  tlie  pseudo-coiiglomei-ate  also  oceora,  the  fragment 
being  all  of  one  kind,  that  is  derived  from  the  schists  intmded. 

Above  the  line  of  erosion-contact,  within  an  area  of  a  eqnaie 
yard,  in  the  true  eongloriiei-ate  may  l)e  seen  fragments  of  the 
varions  rocks  which  occur  in  the  basal  complex ;  granit% 
gneisses  and  schists  of  various  sorts,  all  of  them  showing  tlie 
characteristic  appearance  of  water  rounding. 

Upon  the  Bccond  island  the  relations  are  somewhat  differeot 
from  those  just  described.  Here,  in  passing  from  tbe 
undoubted  conglomerate  on  one  side  to  toe  granite  on  tbe 
other,  is  an  uppai'cnt  transition.  As  the  line  of  contact  is 
neared,  the  bowlders  of  the  conglomerate  which  are  at  iirstof 
many  varieties  gradually  become  more  and  more  predomi- 
nantly of  the  kind  of  granite  which  is  immediately  subjacent. 
Upon  getting  closer  to  the  contact  these  bowlders  are  fonnd 
to  be  angnlar  and  finally  to  have  moved  but  little  from  their 
original  positions.  Finally  a  transition  zone  between  the 
conglomerate  and  the  granite-gneiss  differs  only  from  the  solid 
mass  of  the  latter  in  being  cut  by  cracks  into  which  detritus 
has  sifted,  and  then  these  gradually  die  out  and  we  arc  upon 
the  soHd  granite.  The  change  from  unmistakable  conglom- 
erate to  the  solid  granite  takes  place  in  abont  sis  feet.  The 
facts  here  are  in  perfect  accordance  with  those  heretofore  de- 
scribed, only  there  is  the  difference  that  the  forces  of  erosion 
were  not  powerful  enough  to  sweep  all  the  coarse  debris  sharp 
and  clean  away  from  the  shore  line  at  this  point,  but  at  the 
beginning  of  the  depOBttion  of  the  conglomerate,  left  the 
blocks  of  gnmitc  and  the  perhaps  somewliat  altered  granite 
practically  undisturbed.  As  the  sedimentary  deposit  increased 
in  thickness,  more  and  more  material  came  in  from  tbe  ont- 
UTitil   the  congl 111 ue rate  took  on  the  nrdiuar.y  phiu 
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tiere  appears  below  these,  division  2,  from  the  base  upward, 
f  the  Original  Huronian,  the  greenish  chloritie  and  epidotic 
late  group,  which  has  been  shown  by  Irving  to  be  a  surface 
olcanic*  Below  this  is  found  formation  1,  the  gray  quart- 
ite  which  grades  down  into  the  conglomerate  just  described. 

This  locality  then  gives  decisive  evidence  of  an  erosive 
inconformity  between  the  lowest  member  of  the  Original 
luronian  and  the  Basement  Complex.  The  intricate  history 
vritten  in  the  contorted  gneisses  and  schists,  in  their  intrusions 
)y  granites,  in  the  subsequent  pegmatization  of  both,  is  evi- 
lence  that  a  great  length  of  time  was  taken  for  the  genesis  of 
he  basement  complex.  Then  a  deep  truncation  must  have 
Kscurred  before  these  granites  could  be  found  as  surface  rocks. 
finally  an  orographic  movement  depressed  the  crystalline 
implex  below  the  sea  and  the  basal  conglomerate  and  gray 
jnartzite  are  the  opening  chapter  of  the  Huronian.  It  is  then 
nanifest  that  the  time  gap  represented  by  the  unconformity 
between  the  Basement  Complex  and  Huronian  is  of  the  first 
nagnitude. 

General. — As  a  result  of  our  observations  it  is  evident  that 
it  two  distant  points,  one  near  the  west  end  of  the  Original 
ELuronian  area  and  the  other  near  the  east  end,  are  great  phys- 
ical breaks  between  members  of  the  lower  division  oi  the 
Euronian  and  a  more  ancient  crystalline  complex  which  was 
iesignated  by  Logan  and  Murray  as  Laurentian.  The  nature 
yi  these  breaks  is  such  as  to  make  it  impossible  that  they  can 
bave  been  local,  and  the  conclusion  therefore  appears  war- 
ranted that  in  the  typical  district  mapped  in  detail  by  Lo^an 
ind  Murray,  between  the  Huronian  and  the  Basement  Complex 
there  was  an  immense  period  of  time.  As  further  evidence  of 
this  break  is  the  very^ifferent  lithological  characters  which 
the  Huronian  and  basal  complex  have.  In  the  latter  are 
known  no  rocks  which  have  been  demonstrated  to  be  of  sedi- 
mentary origin  or  even  surface  volcanics,  while  many  of  them 
are  plainly  deep-seated  igneous  rocks.  The  major  part  of  the 
Huronian  rocks,  on  the  other  hand,  are  so  little  altered  that 
their  fragmental  character  is  generally  seen  in  the  field,  and  is 
always  evident  at  a  glance  when  the  rocks  are  examined  in 
thin  section.  Finally,  the  igneous  rocks  associated  with  these 
detritals  are  in  large  part  surface  volcanics. 

If  the  foregoing  conclusions  are  correct,  it  follows  that  the 
pre  Keweenawan  rocks  of  the  north  shore  of  Lake  Huron  are 
separable  by  unconformities  into  three  series ;  a  Basement 
Complex,  a  Lower  Huronian  and  an  Upper  Huronian.     These 

*  Is  there  a  Huronian  Group?  R.  D.  Irving.  This  Journal,  III,  1887,  vol.  xixiv, 
p.  210. 
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divisions  in  their  order,  essential  cliaracters,  and  manner  of 
separation,  are  exactly  analogous  to  those  on  the  south  shore  of 
Lake  Superior,*  and  northwest  of  Lake  Superior  at  Steep 
Kock  Lake+  as  shown  \ty  Smyth.  Is  it  not  then  highly  prob- 
able that  the  nnconfonnitics  at  these  different  districts  are  the 
same  and  that  the  respective  series  are  or  once  were  continnoiu 
for  the  great  triangular  area  between  them,  including  mDch  of 
the  Lake  Superior-Lake  Huron  region. 

U.  S.  Geological  Survey, 

MadigoD,  Wis.,  January,  1S9!. 
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Certain'  investigations  in  magnetism  have  led  me  to  adopt 
an  ingtniinent  which  I  have  termed  a  Fhaeemeter  and  whico, 
it  seems  to  me,  is  destined  to  be  of  use  in  determining  qoes- 
tions  of  the  pliase  of  alternating  electric  cnrrents  ia  trangfor- 
mers  and  in  hrancli  circuits.  This  instrument  makes  use  of 
the  method  employed  hv  Liesajous  to  study  the  vibrations  of 
tuning  forks,  and  afterwards  adopted  by  Helmholtz  in  his 
vibroscope.  Two  telephone  diaphragms  are  provided  with 
mirrors.  A  beam  of  light  is  reflected  in  such  a  manner  that 
the  vibration  of  one  telephone  diaphragm  gives  a  spot  of  light 
a  horizontal  motion,  the  second  telephone  gives  the  spot  of 
light  a  vertical  motion,  and  the  combination  of  the  movements 
01  both  diaplira^ms  gives  a  ligure  which  indicates  the  relative 
amplitude  of  the  motions  of  the  diaphragms  and  also  the  dif- 
ference of  phase  of  the  currents  which  set  the  diaphragms  in 
motion. 

At  fii-at  I  employed  a  system  of  lovers  to  amplify  the  motions 
of  the  dinuhnigms.'     The' liability  of  the  ' 
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fully  toned  to  the  note  to  which  the  diaphragm  was  to  respond. 
Herr  Wien,  in  a  late  number  of  Wiedemann's  Annalen,  has 
adopted  practically  this  method  of  Professor  Blake,  in  what 
he  terms  an  optical  telephone  for  the  measurement  of  alterna- 
ting currents.*    Herr  Wien  has  added  peculiar  attachments  in 
order  to  bring  the  mirror  holder  into  unison  with  the  note 
given    out  by  the   diaphragm.     The   following  arrangement 
^^hich  T  have  adopted,  although  it  is  less  sensitive   than  the 
arrangement  of  Professor  Blake  and  Herr  Wien,  seems  better 
suited  to  the  instrument  which  I  have  termed  a  phase-meter. 
Two  Bell  telephones  were  provided  with  diaphragms  of  three 
inches  in  diameter ;  these  diaphragms  were  not  clamped  equally 
around  their  edges,  but  were  tuned  to  the  note  given  out  by 
the  alternating  current  employed  by  touching  the  diaphragm 
at  its  edges,  at  suitable  points,  by  means  of  clamps  which  could 
be  moved  around  the  edge  of  the  diaphragm  until  a  mirror 
attached  to  the  diaphragm  showed  that  the  latter  moved  in 
unison  with  the  current.     By  turning  the  telephones  around 
the  axis  of  their  magnets  the  vibrations  of  the  mirrors  are 
adjusted  so  that  they  take  place  in  planes  at  right  angles  to 
each  other.     Thus  when  one  telephone  is  cut  out  of  the  circuit 
the  other  gives  a  straight  line  of  light,  indicating  that  the  mirror 
18  moving  in  unison  with  the  diaphragm. 

As  a  source  of  light  I  have  found  it  convenient  to  employ 
the  Welsbach  burner,  which  consists  of  a  zirconium  gauze 
mantel  placed  over  the  ordinary  Bunsen  burner.  This  gives  a 
very  steady  and  intense  source  of  light.  A  tin  chimney  is 
slipped  over  thfe  glass  chimney.  In  the  tin  chimney  is  a  cir- 
cular opening  of  one  half  inch  in  diameter.  Over  the  tin 
chimney,  in  turn  is  slipped,  so  as  to  fit  it  closely,  a  thin  white 
paper  chimney,  and  a  pin  hole  is  made  in  this  paper  at  the 
center  of  the  orifice  in  the  tin  chimney.  This  arrangement 
enables  one  to  see  the  figures  produced  by  the  movement  of 
the  two  telephones  against  the  cross  hairs  of  the  observing  tele- 
scope. Moreover  the  field  of  view  being  thus  illuminated  the 
disturbing  phenomena  of  diffraction  are  almost  completely 
eliminated  and  a  clear  bright  image  of  the  pin  hole  is  obtainea. 
The  apparatus  can  be  made  very  compact,  and  the  two  tele- 
phones with  the  observing  microscope  or  telescope  can  be  all 
contained  in  a  box  a  foot  square.  With  a  screen  at  a  distance 
of  twenty  feet  the  figures  can  be  produced  of  such  a  size  that 
an  audience  in  the  large  lecture  room  of  the  Jefferson  Physi- 
cal Laboratory  can  easily  perceive  them,  and  note  their  changes 
of  phase. 

*  Das  Telephon  als  optischer  Apparat  zur  Strominessung.     Wied.  Ann.,  xlii,  p. 
£93, 1891. 

Am.  Joub.  Sol— Thibd  SbrixSi  Vol.  XLIII,  No.  255.— March,  1892. 
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It  is  well  known  that  it  is  necessary  to  employ  two  or  time 
electrodynamometers  to  detect  magnetic  lag  and  changes  of 
phase  in  the  anbject  of  alternating  currents  of  electricity.  The 
pha«emeter  shows  changes  of  phase  which  I  believe  can  not  be 
oheerved  in  any  other  way,  and  I  think  it  will  be  of  espeml 
nse  in  the  stuay  of  hysteresis.  I  am  employing  it  at  preseot 
in  the  study  of  the  pi-opagation  of  magnetic  distDrhancea 
around  rings  and  over  straight  bars  of  steel  and  iron,  and  bare 
obtained  some  interesting  results  whicli  will  form  the  snbject 
of  a  flubsequent  paper.  The  changes  of  phase  which  occnron 
a  ring  of  iron  between  two  magnetizing  bobbins  with  the  same 
or  opposite  poles,  opposing  each  other  and  excited  by  alterna- 
ting currents  of  high  frequency,  are  of  extremely  interesliog 
character,  and  can  as  I  have  already  remarked  be  clearly  shown 
to  any  audience. 
Jefferson  Physical  Laboratory,  Cambridge. 


Art.  XXIX. — FreUminary  Report  of  Observations  at  Ihs 
Deep  Well,  Wheeling,  West  Viryinia;  by  William  Hai^ 
LOCK,     (Abstract.) 

The  question  as  to  the  conditions  which  exist  in  the  interior 
of  the  earth  has  always  attracted  much  attention.  The  nuift 
important  factor  in  the  solution  of  this  riddle  is  the  detenui- 
nation  or  estimation  of  the  temperatures  there  existing.  Tlie 
British  Association  has  for  years,  seized  every  opportunity  to 
obtain  data  as  to  the  rate  at  which  the  temperature  increases  as 
the  earth  cnist  is  penetrated.  The  most  recent  and  reliable 
contributions  on  this  subject  are  by  Mr.  E.  Dunker  of  Halle, 
'  fool  well  iJ 
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were  lowered  and  raised,  and  depths  measured  by  a  steel  wira 
Kesolts: 


Table  I. 

Depth 

Temperature 

Depth 

Temperature 

feet 

Fahn 

feet. 

Fahr. 

1850' 

es^'-Ts 

3125' 

88'*-40 

1591 

70-15 

3232 

89-75 

1592 

70-25 

3375 

92-10 

1745 

71-70 

3482 

93-60 

1835 

72-80 

3625 

90-10 

2125 

70-25 

3730 

97-55 

2236 

77-40 

3875 

100-05 

2375 

79-20 

3980 

101-75 

2486 

80-50 

4125 

104-10 

2625 

82-20 

4200 

105-55 

2740 

83-65 

4375 

108-40 

2875 

85-45 

4462 

110-15 

2990 

86-60 

100' 


51°-30 


These  observations  when  plotted  show  a  slow  increase  for 
the  upper  half  of  the  uncased  portion,  about  1°  F.  for  80  to 
90  feet,  whereas  the  lower  part  shows  a  more  rapid  increase, 
about  1°  F.  for  60  feet.  The  whole  series  gives  a  well 
defined  and  regular  curve,  with  a  deflection  at  2900  to  3000 
feet  where  an  oil  sand  occurs.  Practically  all  the  rest  of  the 
uncased  well  is  in  shale.  The  increase  in  the  rate  at  which  the 
temperature  rises  as  the  bottom  is  approached  can  only  be 
temporary  or  we  should  have  an  inconceivable  or  improbable 
state  of  temperature  at  comparatively  slight  depths. 

The  two  distinct  series  of  observations  combined  in  Table  I 
nowhere  disagree  more  than  0°-3  F.  and  hence  are  very  re- 
liable and  accurate. 

Table  II  gives  comparison  of  the  results  at  the  three  great 
wells. 


Xarac  of  Well 
and  Location. 

Sperenberg,  near  Berlin, 
Schladabach,  near  Leipzig, 
Wheeling  Development  Co., 
Top  and  greatest  depths^ 
Mean  of  lower  3000  feet, 
Mean  of  above  two, 

Inasmuch  as  the  bottom  of  the  well  is  some  3700  feet  below 
sea  level,  it  seemed  worth  while  to  attempt  barometer  readini 
in  it.    The  instruments  used  proved  ill  adapted  to  the  worl 


Pable  II. 

Feet  for 

Total 

Temp. 

Temp,  at 

r  F. 

depth. 

at  top. 

Ix^ttom. 

59-2  ft. 

4170  ft. 

47°-8 

118°-6 

650  " 

5740  *' 

51  -9 

135  -5 

4500   " 

51   -3 

110  -3 

74-3  " 

it 

75-4  " 

(( 

74-9  " 

(( 
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and  the  reEults  were  uDEatisfactory.  Samples  of  air  were 
taken  at  the  bottom  but  could  not  be  analyzed  in  time  for  me. 

A  series  of  observations  in  a  coal  mine  near  the  well  gaveis 
a  very  probable  value  of  the  temperature  of  the  top  invariable 
stratum  51°"3  F,  From  the  mean  annual  temperature  of 
Marietta  and  Stenhenville  it  might  be  taken  at  ol°"5  F* 
Drilling  is  temporarily  stopped,  but  we  hope  to  go  550(1  or 
6000  feet.  Mr.  Anton  Reyman  of  the  Development  Companj 
has  generously  guaranteed  half  the  expenses  and  we  are  wait- 
ing for  a  lucky  man  to  furnish  the  other  $3000,  and  enable  the 
Wheeling  well  to  he  lifted  from  the  second  to  the  first  place 
among  the  deep  wells  of  the  world. 

The  gratitnde  of  the  scientific  world  is  due  to  the  Wheeling 
Development  Co.  who  ordered  and  paid  for  the  well,  to  T.  S. 
Kinsey  who  drilled  it,  and  to  Prof,  I.  0,  White  who  discovered 
it  and  induced  its  owners  to  dedicate  it  to  science. 


Art.  XXX. — Mount  Bob,  Mount  Ida,  or  Snake  Hill;  bv 
T.  W.  Hakhis. 

When  a  series  of  stratified  rocks,  extending  over  a  wide 
area,  is  long  exposed  to  the  destructive  activities  of  the 
weather  and  other  erosive  agencies,  it  is  gradually  removed, 
first  along  the  courses  of  the  principal  streams,  then  along 
their  smaller  branches,  and  finally,  at  a  decreasing  rate,  From 
the  back  country,  on  which,  however,  small  scattered  ontliert 
may  long  remain,  marking  the  former  extension  of  the  now 
almost  i&troyed  formation. 

In  eastern  New  York,  a  number  of  such  small  ontlien  mariL 
thus  till!  foDiier  eastward  extension   of  the  Helderberg  h'me- 
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Siaf 


.LimeBtone, 


FiauRC    I, 


MAF  or 


'*  Mt.  Bob,  so-called,  is 
a  hill  about  one  hundred 
feet  high,  in  the  north- 
west part  of  Claverack, 
Columbia  County.  The 
west  side  is  very  steep, 
and  a  slope  of  debris  of 
the  blue,  compact  lime- 
stone, conceals  a  part  of  the  rock  of  the  same  kind,  which 
rises  about  twenty  feet  in  a  mural  escarpment,  and  dips  to  the 
east,  as  is  represented  on  Plate  38  [see  lig.  1],  where  (a)  is  the 
blue  limestone,  and  (J)  and  (c)  strata  of  gray  fossiliferous  lime- 
stone like  that  of  Becraft's  Mountain.  The  slate  underlies, 
apparently  unconformably."  (Nat.  Hist,  of  N.  Y.,  Part  IV, 
GeoL  of  First  Dist,  p.  351.) 

The  name,  "  Mount  Bob,"  has  apparently  now  gone  out  of 
use  in  the  neifijhborhood,  and  the  outlier  is  known  in  Hudson 
as  "  Snake  Hill,"  and  among  the  farmers  in  the  immediate 
vicinity  as  "  Mount  Ida."  The  limestones  form  a  wooded  ele- 
vation about  half  a  mile  long  by  a  quarter  broad,  which  rises 
at  the  southern  end  in  a  steep  cliil,  one  hundred  feet  or  more 
above  the  gently  rolling, 
drift-covered  plain  en- 
circlinfT    it.    but    slopes 

gently   down    to    the  ^s^^  ,j     ^    ,„  ^m.  tow-  or 

north.      In  structure,  it  -^J^  />'  ^'     ctAvtnAcn.Kr, 

forms  a  fragment  of  a 
northeastwardly  plung- 
ing syncline,  and  consists 
of  the  three  lower  mein- 
bers  of  the  Lower 
Helderberg  group.  The 
great  mass  of  the  hill 
oonsists  of  the  t  h  i  n  - 
bedded  strata  of  the 
Tentaculite  or  Kibbon 
limestone,  about  eighty 
feet  in  thickness.  No 
fossils  were  found  in 
these  but  a  few  imper- 
fect Leperditiae.  Above 
this,  and  inside  the  crest 
of  the  cliff,  were  about 
twenty  feet  of  the  Lower 
Pentakerns  llmeBtone, 
coarse,  gray  and  irregu- 
larly beaded,  in  which  a 
few    specimens   of    the 


MOUNT 'id;^. 


LCO>CNfi.x 


HR  •  ffudaon-Kivtr, 

»hcm. 
TL  ■  TkntOfuhf. 

LP  -  LowtrPennrnt- 
nn  fim«$tm: 
SL  >  Shafif/imMtonm.. 
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characteristic  Peniamerus  galeatua  were  found.  Id  the  center 
of  the  hill  was  a  Btnall  patch  of  browniflh-graj,  abalj  materiil 
in  wliich  a  few  specimens  of  Spirifer  macrqpleura  aod  &«■ 

fhomena  rugota  were  found ;  apparently  representing  the 
Mthyris  or  Catekitl  shaly  limcGtone.  The  axis  of  the  std- 
cline  courses  about  N.  35°  E.,  and  its  plnnge  is  about  20°.  To 
the  north  it  disappears  under  a  heavy  niBse  of  drift.  The  dip 
on  tlie  cast  side  averages  25°  ;  on  the  west,  20°. 

The  underlyine;  strata,  which  appear  at  several  points  about 
the  base  of  the  hill,  are  of  a  soft  gray  shale,  without  fo^la, 
bnt  resembling  in  appearance  the  rocks  which  occur  throuji- 
ont  this  jiart  of  the  Hudson  valley,  and  are  known  as  the 
HiidKon  lliver  (rroup.  The  shale  lias  a  well-marked  cleavage, 
wliich  appears  parallel  to  the  stratification  wherever  the  latter 
can  he  distinctly  made  out.  The  strike  varies  from  N.  90°  K, 
at  tlie  northern  end  of  the  hill,  to  N.  6°  W.,  at  its  Bontfaern 
end,  the  dip  l>eiiig  always  very  steep.  The  qDe&tion  of  the 
conformity  of  the  limestone  upon  the  shale  was  considered, 
and  a  careful  search  made  for  their  junction ;  but  this  was 
cverywhcn.'  covered,  the  nearest  approach  of  the  two  rocb 
U'ln;;  aliout  tiftv  feet,  on  the  west  side  of  the  hill,  at  h,  fig.  1. 
llorc  the  linu'stoue  had  a  strike  of  N.  30°  E.  and  a  dip  of  22°; 
till'  shiile,  striking  N.  S°  E.,  and  dipping  CO''  E.  Near  the 
southcni  emi  of  the  hill,  the  strike  of  va.%  shale,  at  o,  fig.  3, 
was  N.  r>''  \V. ;  its  din,  45°  K.  At  the  northern  end  of  the 
hill  (tiiT.  2,  m)  the  strike  of  the  shale,  here  very  distinct,  vu 
iilHUit  N.tH''-''  K.  t^vnrying  about  60°  from  that  of  the  limestone), 
and  it<  di)>  SO"  S. :  but  the  distance  between  them  being  some 
four  biiiKlrt>d  fivt.  it  is  quite  possible  that  the  limestone,  if 
rt'stnit'd,  iiii^ht  Ik'  found  to  come  into  parallelism  with  the 
sluilo  within  thai  distance.  Itnt  although  the  question  of  cod- 
furrnilv  ciiuiiot  In-  fully  settled  fmrn  tbeso  iHitero[>s,  the  gene 
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SCIENTIFIC    INTELLIGENCE. 

I.    Physics  and  Astronomy. 

1.  7%«  Variation  in  the  Density  of  Water  with  the  Tempera- 
ture.— D.  MBNDBiisBFF  ID  ED  exhaustive  paper  discusses  the 
results   of  previous  observers,  and  points  out  that  the  formula 

S,  =  1  —  /nr-  -iwu~a7T  obtained  by  him  appears  to  embrace  all 

that  is  known  of  the  variations  of  the  density  of  water  between 
— 10**  C.  and  200**  C.  with  the  accuracy  that  is  now  attainable. 
He  points  out  that  if  fresh  determinations  of  greater  accuracy 
sboald  confirm  the  accuracy  of  this  formula,  or  lead  to  a  more 
correct  formula,  we  may  hope  to  arrive  at  a  better  understanding 
of  the  true  law  of  the  expansion  of  all  liquids  and  also  of  gases. 
By  means  of  investigations  upon  water  we  may  hope  to  make 
farther  progress  in  the  study  of  matter  under  the  influence  of 
rise  of  temperature. — Phil.  Mag,^  Jan.,  1892,  pp.  99-132.     j.  t. 

2.  On  a  New  Method  of  obtaining  a  Constant  Temperature, 
— Mr.  Henby  Clew  has  employed  an  electrical  current  in  the 
following  manner.  The  current  from  a  certain  number  of  storage 
cells  is  led  through  a  fine  covered  wire  of  high  specific  resistance, 
which  is  coiled  about  the  glass  vessel  in  which  the  temperature  is 
to  be  maintained.  The  glass  vessel  is  contained  in  a  suitable 
calorimeter.  In  one  experiment  the  temperature  was  maintained 
constant  within  ^hf  of  a  degree  for  40  minutes  and  the  author 
believes  that  much  greater  constancy  can  be  obtained. — Phil, 
Mag.^  Jan.,  1892,  p.  89-93.  j.  t. 

3.  Velocity  of  hound  in  membranous  bodies, — L.  Meldb  has 
obtained  the  velocitv  of  sound  in  membranes  of  various  natures 
by  taking  strips  of  the  membranes.  These  were  fastened  at  both 
ends  and  were  rubbed  in  the  middle.  A  table  of  the  results  is 
given  and  shows  a  great  difference  in  the  propagation  of  sound  in 
various  substances. — Beibidttevy  Ann,  der  Physik  und  Chemie^ 
No.  11,  1891,  p.  756.  J.  T. 

4.  A  Surface  Bolometer, — At  a  meeting  of  the  Physical 
Society  held  in  Berlin,  Jan.  8,  Dr.  Kurlbaum  described  a  surface 
bolometer.  It  is  cut  out  of  platinum  foil  whose  thickness  is 
0*012  mm.  and  possesses  the  great  advantage  of  coming  to  rest 
quickly.  It  is  a  trustworthy  instrument  for  measuring  the  dif- 
ference in  luminosity  of  two  sources  of  light. — Nature^  Jan.  28, 
1892.  "  J.  T. 

5.  Orthochromatic  Photography, — MM.  Fabre  and  Andoyer 
photographed  the  eclipsed  moon  at  the  Toulouse  Observatory  on 
Wov.  13,  1891.  They  employed  collodion-bromide  and  collodion- 
chloride  plates  which  were  stained  either  with  eosin  or  cyanine. 
The  collodion  bromide  plates  were  relatively  more  sensitive  to 
red  and  yellow  than  the  collodion-chloride  plates.— iVa^ure,  Jan. 
21,  1892.  J.  T. 
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6,  Prize  for  Researchee  in  Phytics. — For  the  year  1894  a 
prize  is  offered  by"Schni^der  vod  Wartensefl's  FomidatioD  lor 
Science  and  Arts  at  ZOnch,  for  the  solatioD  of  the  following 
[iroblemB  in  the  domain  of  physics  :  "  As  the  numbers  whicti 
represent  the  atomic  heats  of  the  elements  slill  show  very  cod- 
eiderable  ciivergences,  the  researches  conducted  by  Professor  K 
F.  Weber  on  boron,  ailicon  and  carbon,  regarding  the  dependesa 
of  tbe  specific  heats  upon  the  temperature,  are  to  be  extended  U 
several  other  elements,  prepared  as  pure  as  possible,  and  also  to 
corahinalioLis  or  alloys  of  them.  Further,  the  deoBitien  and  tbe 
thermic  coefficients  of  expansion  of  the  substances  investigated 
are  to  be  ascertained  as  carefully  aa  possible." 

The  treatises  handed  in  by  competitors  for  the  prices  may  be 
in  German,  French  or  English,  and  must  be  sent  in  by  September 
30,  1894,  to  the  address  given  below.  They  will  become  tbe 
properly  of  the  Foundation.  Every  treatise  most  have  a  molto 
on  the  title  page,  and  be  accompanied  by  a  sealed  envelope 
hearing  the  same  motto  outside  and  containing  the  author's  name. 
The  Prize  Committee  is  empowered  to  award  a  first  prize  of  tiro 
thousand  francs,  and  minor  prizes  al  its  discretion  to  tbe  anioiiDt 
of  one  thousand  francs.  Address:  "An  das  Praesidiura  des 
Conventes  der  Stadlbibliothek  Zurich  (betrefTend  Preisaufgsbe 
der  Sliftung  von  Schnyder  von  Wai-tensee  ftlr  das  Jahr,  1894)." 

7.  Astronomical  Expeditions  to  Peru. — In  the  annual  report 
for  18»l  of  the  Director  of  the  Astronomical  Observatory  of 
Harvard  College,  an  account  is  given  of  the  expeditions  sent  lo 
Peru  in  1889  and  again  in  1800,  at  the  expense  of  the  Boyden 
Fund,  as  follows :  "The  expedition  sent  to  Peru  in  1889  under 
the  direction  ot  Mr.  S.  I.  Bailey,  having  successfully  completed 
the  observations  with  the  meridian  photometer,  returned  to  C»ni- 
bridge  with  that  instrument,  which  has  been  remounted  here  and 
will  be  nsed  for  a  revision  of  the  Harvard  Photometry  and  for 
other  photomeric  work.  During  the  two  years  ending  &lay  1, 
1891,  Mr.  Bailey  look  217  series  of  observations  and  made  98,756 
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the  images  of  the  stars  are  small  and  round  and  the  diffraction 
iiDgSy  seldom  seen  with  large  instruments,  are  clearly  visihle. 
SSven  with  high  powers  the  flnctuatlons  of  the  images  are  very 
alight.  In  fact,  at  this  station  the  limit  to  observation  will  prob- 
ably be  the  size  of  the  instrument,  instead  of,  as  at  other  observa- 
tories, the  condition  of  the  air.  Although  the  aperture  of  this 
instniment  is  only  thirteen  inches,  it  appears  to  be  the  largest 
refracting  telescope  in  use  in  the  southern  hemisphere,  wnile 
about  thirty  larger  telescopes  are  mounted  in  the  northern  hemis- 
phere. Since  all  of  these  instruments  are  north  of  -1-35**,  nearly 
one-quarter  of  the  entire  sky,  and  that  containing  many  objects 
of  the  greatest  interest,  has  never  been  studied  by  a  refractor  of 
the  highest  grade.  For  both  these  reasons  an  excellent  oppor- 
tunity is  afforded  to  add  to  astronomical  discovery  by  the  erection 
of  a  telescope  of  large   size  at  this  station.     It  is  hoped  that 

{>atrons  of  astronomy  will  consider  the  advantages  of  erecting  a 
arge  telescope  where  it  will  be  kept  constantly  at  work,  where 
the  sky  is  clear  a  large  part  of  the  year,  where  the  condition  of 
the  air  is  probably  more  favorable  than  at  any  other  existing 
observatory,  and  where  a  large  part  of  the  sky  could  be  examined 
for  the  first  time  under  such  satisfactory  conditions.  Photographs 
have  not  yet  been  obtained  with  the  thirtcen-inch  telescope,  but 
it  is  hoped  that  its  advantages  for  this  kind  of  work  will  be  as 
great  as  for  visual  observations." 

8.  On  the  Causes  of  the  Phenomena  of  Terrestrial  Magnet- 
ism and  on  some  Electro-mechanism  for  exhibiting  the  secular 
changes  in  its  horizontal  and  vertical  components,  by  Hknry 
Wilde. — This  paper  from  the  Philosophical  Transactions  pre- 
sents the  author's  views  on  the  nature  of  terrestrial  magnetism. 
These  will  be  evident  from  his  statement  of  the  three  successive 
stages  in  the  earth's  history,  which  he  assumes,  and  which  he 
illustrates  by  a  large  globe  with  its  surface  wound  with  copper 
wire.  These  stages  are  (1)  The  electro-dynamic  condition  of  the 
terrestrial  globe  at  a  period  of  its  history  when  the  crust  from  its 
high  temperature  was  non-magnetic,  its  surface  of  uniform  curva- 
ture and  the  electro-dynamic  foci  of  the  internal  sphere  of  vapors 
inclined  at  a  definite  angle  from  the  poles  of  the  earth's  axis. 

(2)  The  electro-dynamic  and  electro-magnetic  condition  of  the 
earth  when  its  outer  crust  was  uniform  in  curvature  and  had 
cooled  down  sufficiently  to  become  permanently  magnetic  with 
dual  foci  of  intensity  coincident  with  the  poles  of  the  earth's  axis 
and  separate  from  the  dual  polar  foci  of  the  internal  sphere  of 
vapors. 

(3)  The  unsymmetrical  distribution  of  the  magnetic  elements 
arising  from  the  unequal  curvature  and  foldings  of  the  earth's 
crust  during  its  secular  cooling  as  indicated  by  the  present  distri- 
bution of  land  and  water  on  the  terrestrial  surface. 

As  shown  in  the  above,  the  author  finds  the  seat  of  the  earth's 
magnetic  attraction  in  the  earth's  crust  and  explains  the  unsym- 
metrical distribution  of  the  terrestrial  magnetism  by  the  irregu- 
lar configuration  of  the  earth  as  manifested  by  the  distribution 
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of  land  and  water  od  its  surface.  Thia  was  iUostrated  by  expert- 
mental  methods,  the  ocean  areas  of  the  mapped  globe  being 
covered  with  a  thin  sheet  of  iron,  roughly  contoured  to  the  ooifl 
lines  of  the  continental  areas  ;  a  close  agreement  with  the  sn- 
symmotrical  lines  of  declination  was  obtained.  A  further  catte 
of  magnetic  aBymmctry  is  sought  for  in  the  diamagnetif^m  of  the 
water?  of  the  globe  and  of  the  compounds  of  the  alkaline  metilt 
which  they  hold  in  solution. 

0.  The  Astronomicai  Handbook  for  the  year  1802.  38  p{L 
12mo.  Brooklyn,  1892. — This  little  handbook  and  epbemeriB,  pre- 
pared under  the  direction  of  the  Executive  Committee  of  the 
Department  of  Astronomy  in  the  Brooklyn  Institute  of  Arts  and 
Sciences,  will  be  found  useful  particularly  by  ail  persons — even 
if  tbey  have  not  a  full  scientific  training — who  are  interested,  u 
amateurs,  in  astronomy  and  in  gtudying  celestial  phenomena.  It 
gives  information  in  regard  to  eclipses,  the  positions  of  the  planet*, 
notes  on  the  double  stars  and  so  on,  with  suggestions  as  to  special 
observations  which  individuals  may  make  with  interest  and  proGt 
It  is  also  stated  that  the  President  of  the  Department  (Garrett  P. 
ServisB,  t<  Middagh  St.,  Brooklyn)  will  give  information  and 
advice  to  those  not  able  to  attend  the  meetmgs. 

II.     Geology  and  Mineralogy. 

1,  Honor  to  the  United  States  Geological  Survey  from  (At 
French  Academy  of  Sciences. — The  Academy  of  Sciences  of 
France  at  its  last  Annual  Session,  on  the  2l3t  of  December,  con- 
ferred on  the  United  States  Geological  Snrvey  the  Ciivier  priw. 
The  commissioners  of  the  Academy — consisting  of  MM.  Gaadry, 
Fouqu^,  dc  Quatrefages,  Mihio  Edwai-ds,  with  M.  Danbr^. 
Reporter — state  in  their  report  with  reference  to  the  prize: 

"  L'ceuvre  dn  Geolouicai.  Survey,  a vec  lo  magnilique  ensem- 
ble de  Iravaux  qu'clle  comprend,  m^rile  done  que  nous  Inj  ren- 
dions  un  bommagc  eclatant,  pour  la  lumi6re  si  vive  et  si  iuatien- 

■'  histoi      '  ■    ■  ... 
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ig  ;  and  finally,  with  more  special  meotion  of  resalts  and  of 
rkera,  the  existing  U.  S.  (geological  Survey,  organized  by 
krencc  King  in  1879,  and  placed  the  following  year  under  the 
ectorship  of  Major  Powell,  and  from  the  first  carried  forward 
sr  all  parts  of  the  continent  ^'even  the  most  inhospitable," 
;h  an  energy  that ''  recalls  the  heroism  of  an  army  attacking 
stacles  the  most  arduous  and  most  inaccessible."  « 

5.  Geology  of  the  Tonga  or  JFHendly  Islands. — A  valuable 
per  on  these  islands  of  the  South  Pacific,  by  J.  J.  Listeb,  is 
blished  in  the  Quarterly  Journal  of  the  Geological  Society, 
I.  xlvii,  p.  690,  June,  1891.  The  region  of  the  group — whose 
gth  is  about  250  English  miles — is  remarkable  for  the  great 
rersity  of  level  in  the  islands  and  in  the  ocean  adjoining. 
On  the  west  side,  along  a  course  nearly  N.N.E.,  the  islands, 
•m  Amargura  in  18°  S.  and  174°'26'  W.  to  Honga  Tonga  in 
^  36'  S.  and  175°  26'  W.  are  volcanic,  and  the  heights  occur  of 
90  feet  in  Lette  I.,  161  in  Metis  I.,  3030  in  Kao,  1890  in  Tofna,- 
d  300  feet  in  Honga  Tonga. 

Just  east  (30  to  40  miles),  along  an  irregularly  parallel  line, 
cur:  Vavau  at  the  north,  in  18°  35'  S.  and  174°  W.,  with 
thing  but  coral  reef  limestone  in  sight,  and  having  on  the  N. 
d  N.E.  sides  the  limestone  rock  in  cliffs  300  to  600  feet  high ; 
e  Hapai  Group,  consisting  mostly  of  coral  reef  rock,  20  to  100 
il  high;  the  Nomuka  Islands,  consisting  of  tufa,  having  coral 
jf 8  to  eastward  30  to  60  feet  high ;  at  the  south  end,  T6ngatabii,* 
176°  W.  and  21°  10'  S.,  a  coral  island  with  a  shallow  lagoon, 
t  raised  60  feet  above  the  sea-level  on  the  southeast  side. 
About  10  miles  to  the  southeast  of  Tongatabu  is  Eua,  a  vol- 
uic  island  over  1000  feet  high  at  two  points,  but  encased  in 
ral-reef  to  a  height  at  one  point,  by  estipiate,  of  300  feet,  and 
other  of  600  feet,  and  having  cliffs  of  the  limestone  ''  some  200 
it  high "  along  the  eastern  and  western  sides. 
Mr.  Lister's  paper  which  is  illustrated  by  maps  and  sections,  con- 
ns other  facts  of  geological  importance.  He  refers  to  the  great 
pths  of  the  sea  to  the  southeastward  and  eastward  of  the 
oup;  to  the  southeastward  230  miles,  in  176°  08'  W.  and  24" 
'  S.,  4428  fathoms,  and  in  176°  07'  W.  and  24°  49'  S.,  4296 
.homs;  to  the  eastward  of  Vavau,  160  miles,  in  172°  14^'  and 
®  04'  S.,  4630  fathoms.  On  the  bathynietric  map  in  this 
umal,  vol.  xxxvii,  and  also  page  420,  and  vol.  xxxix,  p.  412, 
lier  soundings  in  the  vicinity  are  given,  but  none  have  been 
tained  on  the  direct  line  between  the  two  deep  depressions. 
The  soundings  make  the  total  height  of  the  summit  of  Kao 
ove  the  deepest  point  in  the  ocean  to  eastward  a  little  over 
,000  feet.  Such  depressions  are  not  a  result  of  loading  the 
ist  by  deposition.  The  range  of  facts  here  reviewed  indicate 
it  some  profounder  method  of  causing  change  of  level  has 
en  at  work.  j.  d,  d. 

The  accent  is  on  the  first  and  laat  syllables —the  latter  half  being  the  Polyne- 
1  word  tabti. 
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3.  Notes  on  t/ie  Palmozoic  Species  mentioned  in  Lindleyuni 
Hiitton'a  *'Jibssii  Flora ,"  by  R.  Kidston.  (Proo.  Roy.  Fhp. 
Soc.  Edinb,,  vol.  x,  1B89-9(1  (1891),  pp.  345-391). — ^The  seanli 
fov  and  ihe  consultation  of  type  specimens,  which  have  beei 
brought  about  during  the  last  fifteen  years  by  the  renaissance  of 
Paleosoio  paleobotany  in  Europe  and  ihc  esLabliahmeDt  of  pri- 
ority in  nomenclalure,  have  keenly  emphasized  the  need  of  re- 
vision of  the  older  works  and  the  frequent  redesoription  of  th« 
species,  Especially  the  results  of  the  examination  by  Zeillerofi 
large  part  of  Brongniart^a  material,  and  by  Kidston  of  90  muchof 
the  collections  of  the  English  authors  as  can  be  found,  have  sbowi 
from  lime  to  time  that  a  considerable  portion  of  the  current  idco- 
tificntiotiB  after  the  too  brief  descriptions  and  often  false  figares  is 
the  "Histoire"  or  the  "Fossil  Flora"  not  only  disagree  ainoDg 
themselves,  but  are  totally  aifferent  from  the  originals,  while  tbe 
latter,  in  the  case  of  the  English  work,  are  frequently,  in  the 
preseiil  state  of  our  knowletJge,  unidentifiable.  Mr.  Kidston'* 
"Notes"  extend  his  obaervationn,  previously  recorded  in  the 
case  of  a  part  of  the  species,  to  the  entire  work,  thus  placing  tlit 
existing  types  of  the  "  Fossil  Flora"  in  their  true  posilioDS,  m 
far  as  determinable,  according  to  the  judgment  of  the  foremost 
English  authority  in  this  field.  Among  the  more  important  cor- 
relations not  BO  generally  anticipated,  are  the  identifications  of 
Neuropteris  Sorettii  and  C;/clopeeris  dilatatn  with  N.  htter^ 
phyll'j,  to  which  also  belong  the  Pecopteris  adiantoidea,  and  .Vew 
ropteria  heteropkylla,  made  N.  Lindleyana  by  Sternberg  on  ao 
count  of  the  incorrect  and  partially  hypothetical  fignres.  Xeurop- 
teris  allentiala  is  a  Pecopteria  not  specifically  identifiable,  white 
I*ecopterii  Biteklandii  h  clearly  a  JVei/ropferi's,  probably  the  X 
raririervis  Bunb,  Thirty-six  species  founded  on,  or  identification 
made  from,  imperfect  specimens  are  found  not  to  aflord  the  iiec«» 
sary  characters  for  subsequent  identification.  Mr.  Kidstoof 
"Notes"  are  valuable  particularly  in  pointing  out  the  inaccuracies 
of  the  p1atei<.  in  which   the  great  English   work  appears  miic^ 
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^asbinglon,  1891. — Mr.  Scudder's  bibliography  takes  up  sep- 
arately the  Paleozoic  species,  Mesozoic  and  Ccnozoic  and  gives 
ihe  references  in  the  briefest  form,  and  still  100  pages  are  devoted 
to  the  Paleozoic  species  alone,  180  to  the  Mesozoic,  and  500  to 
tbe  Cenozoic  species :  so  that  altogether  the  entries  make  a 
-volume  of  744  pages. 

0.    On  the  removal  of  gold  from  SNspensioN  and  solution  by 
Fungoid  groioths. — Prof.  A.  Livkksidge,  of  Sydney,  N.  S.  W., 
states  in  a  paper  read  before  the  Australasian  Association  for  the 
Advancement  of  Science  at  Melbourne  in  1890,  that,  he  first  ob- 
served in  1889  that  gold  was  removed  fiom  solution  and  suspen- 
sion by  fungoid  growths,  and  had  since  made  further  investiga- 
tions.    The  gold  was  held  in  suspension  in  distilled  water,  that 
"had  been  prepared  at  difterent  times,  the  gold  being  reduced  from 
a  weak  solution  of  the  chloride  by  means  of  phosphorus  dissolved 
HI  ether.     A  complete  precipitation  usually  takes  several  years. 
Examining  the  bottles  which  had  been  settling  since  1881,  he 
foand  that  in  those  having  fungoid  growths,  usually  at  the  bot- 
tom of  the  bottles,  the  liquid  was  colorless,  but  in  the  others  the 
color    was  ruby-red  or  purple,  the  gold  being  still  in  suspen- 
sion.    In  one  bottle  put  up  in  S'ovember,  1884,  having  the  liquid 
colorless,  a  purple-blue  lungoid  growth  had  taken  place,  which 
ander  the  microscope  was  a  mass  of  matted  ))urple-blue  filaments ; 
bat  after  being  dried  over  a  spirit  lamp,  the  filaments  retained  their 
form  but  acquired  the  luster  and  color  of  gold.     In  1889,  other 
experiments  were  tried  with  more  precise  results.     But  it  was 
found  that  not  only  moulds  produce  the  result,  but  also  any 
organic  matter  living  or  dead. 

7.  Les  Methodes  de  Syntlihse  en  Minernlogie  par  Stanislaus 
Mkunieb.  369  pp.  8vo.  Paris,  1891. — The  progress  made.iu  the 
subject  of  mineral  synthesis  has  been  remarkably  rai)id  in  the 
last  two  decades,  and  the  success  of  the  French  chemists  in  this 
line  has  been  particularly  marked.  The  excellent  books  of 
Fouque  and  L^vy  (1882)  and  of  Bourgeois  (1884),  which  gave  a 
fall  summary  of  what  had  been  accomj^ished  in  the  way  of  form- 
ing artificial  minerals,  arc  now  followed  by  a  volume  by  another 
active  worker  in  the  same  field,  Stanislaus  Mennier.  This  work, 
however,  occupies  a  place  of  its  own,  for  it  is  devoted  particularly 
to  an  explanation  of  the  methods  used  and  general  principles 
involved.  The  first  part  discusses  the  contemporaneous  formation 
of  minerals  in  nature;  and  a  second  part  is  given  to  the  cases  of 
accidental  synthesis,  furnace  products,  etc.  The  third  and  most 
important  division  describes  the  method  of  synthesis  proper  ;  first 
by  the  dry  way  involving  simple  crystallization  by  molecular 
ehange,  by  igneous  fusion  and  by  the  intervention  of  a  miner- 
ftlizer  ;  then  simple  decomposition ;  chemical  union  ;  precipitation 
ind  finally,  double  decomposition.  The  methods  of  synthesis  in 
the  wet  way  are  also  described  with  similar  system  and  thorough- 
ness as  also  those  where  the  method  is  mixed.  This  summary 
will  give  an  idea  of  the  wide  range  of  topics  here  presented,  but 
the  volume  calls  for  the  close  study  that  it  fully  merits. 
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8.  Brief  notices  of  tome  recently  detcribed  minerala:  Asro- 
CBiTE.  A  kind  of  amphibole,  near  richteritc,  from  Lanf^bu, 
Sweden.  It  occurs  ns  a  coarse  cryetallme,  columnar  aggregate,  of 
s  blue  to  grayish  violet  color.  Cleavage-angle  56°  2T';  eitiK- 
lion  15°  40'  blue  to  17°  16'  violet;  sp,  gravity  =  3-05,  310. 
Anal^aee  Ly  Maiizelius,  are,  as  follows,  1  for  the  blae,  and  2  for 
the  violet  variety : 

SiO,      FeO     UdO       MrO      CaO      N>,0      K,0      H.O       F 

1.  bS-th      a-\h      6'49      21-89      5'U      6  IT       1-60       1-66       0-|.^  =  »'» 

2.  54-76      0-21     12-7t       lT-82      6-83      402       l-6fi       9-71       0-09  =  S9M 

This  yields  a  normal  metasilicate  formula.  Described  by  R 
Sjogren  in  O.  Mr.  Mrh.,  xiii,  605,  1R9L 

AoELrrE.  A  basic  arsenate  from  Nordmark  and  IilngbiiL 
It  occurs  in  masses  of  a  gray  color;  hardness  ^  5  ;  ap.  gravity  = 
3-76.  Analyses  agree  closely  with  the  composition  H,O.2C»0. 
2MgO  .  As,0, .  and  a  connection  with  either  the  olivenite  or 
w^nerite  group  is  suggested.  Described  by  Sjogren,  ibid.,  p. 
781. 

SvABiTE.  A  mineral  from  the  Ilarstig  mine,  Pajsberg,  referred 
by  Sjogren  ^1.  c.)  to  the  apatite  group.  It  occurs  in  colorltw 
hexagonal  prisms  terminatea  by  the  pyramids,  lOil  and  II3I;  ibe 
vertical  axis  is  0'7t43  (apatite  0*7346).  The  composition  is  giren 
by  the  formula  H.O.  lOUaO.  3As,0.. 

B01.EITE,  An  oxychloride  of  load  and  copper  occurring  at  the 
Boleo  cupper  mines,  near  Santa  Kosalia,  Lower  California.  It 
occurs  in  cubic  crystals  of  an  iudigo-biuc  color,  which  shov 
anomalous  optical  phenomena;  there  are  also  crystals  in  tetragonal 
octahedral  Ibrms  having  the  same  composition.  These  are  r^ 
garded  by  the  deecribors,  ItM.  Mallard  and  Cumcnge,  as  identical, 
but  the  cubic  crystals  can  hardly  be  other  than  percylile,  onW 
(littering  in  containing  9  p.  c.  of  silver.-   V.  S.,  cxiii,  519,  l!^9l. 

Laittaritk.  A  calcium  iodatc  from  Atacama,  occurring  in 
lartte  prismatic  crystals  referred  to  the  monoclinic  \ 
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imestness  and  success.  Already  in  1846  he  published  sevei*al 
lort  chemical  notes  in  this  Journal,  and  in  1847  reviewed  at 
(ngth  Gerhardt's  Organic  Chemistry,  which  had  greatly  inter- 
ftted  and  instructed  him,  besides  preparing  papers  on  some  points 
Ingested  by  it.  The  Geolosrical  Survey  of  Canada  under  Wm. 
i.  LiOgan,  (afterward  Sir  William)  as  Director,  with  Alexander 
larray  as  assistant,  had  been  in  progress  from  the  vear  1842; 
nd  in  1847  Mr.  Hunt  was  appointed  its  chemist  and  mineralogist. 
!Tie  Annual  Reports  for  1849-60  and  the  following  years  bear 
vidence  of  his  activity  in  analyses  of  rocks,  minerals,  mineral 
waters  and  materials  of  economical  value.  In  the  Report  for 
850-1,  he  has  analyses  of  the  minerals  peristerite  and  bytownite 
»f  Thomson  and  proposes  a  new  species,  Loganite;  in  that  of 
.851-52  he  describes  the  new  species  Parophitc,  and  in  that  for 
1852—53,  he  brings  out  Wilsonite  as  a  new  mineral.*  The  results 
>f  similar  work  make  large  mineralogical  and  petrological  con- 
ributions  to  the  succeeding  volumes.  In  the  general  Report  of 
1863,  chapters  17,  18,  19  and  20,  occupying  over  200  pages,  are 
3y  him. 

Mr.  Hunt  took  a  wide  interest  in  the  results  of  the  Canadian 
Survey,  and  in  1849  presented  at  length  to  the  American  Asso- 
ciation, and  again  in  1861  and  18t(8  tothis  Journal,  the  conclusion 
of  Logan  that  the  Taconic  series  of  rocks  were  of  Lower  Silurian 
age;  and  in  1855  there  was  published  in  this  Journal — anony- 
mously, in  compliance  with  his  request — a  severe  review  by  him 
of  Professor  Emmons's  American  Geology.  He  continued  his 
connection  with  the  Survey  until  1872,  two  years  after  Mr. 
Selwyn  became  Director.  In  the  mean  time,  he  also  occupied 
the  chair  of  chemistry  at  the  Laval  University,  Quebec,  from 
1856  to  1802,  and  at  McGill  University,  Montreal,  from  1862  to 
1868.  From  1872  to  1878  he  M'as  Professor  of  Geology  in  the 
Institute  of  Technology,  Boston. 

*  An  error  in  Applcton's  American  Cyclopedia  of  Biography  with  reference  to 
the  introduction  of  the  tenns  Laurentian  and  Huronian,  should  here  be  corrected 
in  justice  to  the  distinguished  head  of  the  Canadian  Geological  Survey.  In  the 
Annual  Report  for  1 85--53,  Logan  gays  on  this  point,  on  page  8. of  his  special 
report,  which  is  150  pages  in  length,  as  follows:  "The  name  which  has  been 
given  in  the  previous  Reports  to  the  rocks  underlying  the  fossiliferous  formations 
in  this  part  of  Canada  is  the  Metamorphic  Series ;  but,  intisnnich  as  this  is  a])pli- 
cable  to  any  series  of  rocks  in  an  altered  condition  and  might  occasion  confusion, 
it  has  been  considered  expedient  to  apply  to  them  for  the  future,  the  more  dij^tinc- 
tive  name  of  Laurentian  Series." 

Then  follows  a  list  of  the  geological  formations  of  Canada,  in  whicli  Laurentian 
is  followed  by  the  Potsdam,  showing  that  it  was  applied  to  the  rocks  older  than 
the  Potsdam,  all  of  which  he  believed  to  lie  unconformal.ilv  beneath  tlio  Potsdam. 
The  tenu  Huronian  first  appears  in  print  in  the  Sketch  of  ("anadian  (Jeology,  of 
1855,  by  Mr.  Logan  and  Mr.  Hunt,  prepared  for  the  Paris  Exposition.  The  pre- 
&ce  of  the  work  credits  Mr.  Logan  with  all  the  geological  part  ot  the  volume, 
and  the  text  cites  from  him  all  the  characteristics  mentioned  of  the  Huronian 
Series.  The  Annual  Report  of  the  Survey  for  1853-55,  published  in  1857,  in  the 
course  of  the  special  report  of  Mr.  Murray  for  the  year  1854,  dated  June  11,  1855, 
uses  both  the  terms  Laurentian  Scries  and  Huronian,  in  describing  the  rocks  which 
be  had  studied  the  year  befbre  and  conjointly  with  Logan  in  former  years. 


2-IS  Miscellaneous  Intelligence. 

Among  Mr.  Hunt's  varioas  papers  the  following  have  prwn- 
incnce  :  his  PrusidcDtial  address  before  the  American  Associilion 
for  the  Advancement  of  Science  in  1871,  in  which  are  ibe  germs 
of  several  of  his  later  publication ;  his  address  at  the  Ccntcnoial 
of  Chemistry  in  1874,  on  "A  Century's  Progress  of  Cheniistrv:" 
"The  Chemislry  of  the  Primeval  Earth;"  "The  Chemistry  of  Nat- 
nral  Waters;"  "The  origin  of  Crystalline  Rocks — the  Cronilic 
Hypothesis;"  "The  Geological  History  of  Serpentine."  Xearh 
all  Dear  the  impress  of  an  able  but  speculative  mind,  well  stored 
with  knowledge,  but  not  well  enough  supplied  and  weighted  with 
geological  facts  where  the  subject  has  a  geological  bearing,  and 
not  always  capable  of  reading  rishlly  the  opinions  of  otberi 
when  they  differed  from  his  own.     His  late  views  on  the  Taconic 

Sucstion  have  been  sufficiently  discnssed  in  recent  volumes  of  this 
ournal.  His  published  vuluniesare:  Chemical  and  Oeologicil 
Essays,  1874,  1879;  Azoic  Rocks,  1876;  Mineral  Physiolof;; 
and  "Physiography,  1888;  a  New  Basis  for  Chemistry,  1837; 
"  Mineralogy  according  to  a  Natural  System,"  1891. 

Dr.  Hunt  has  the  credit  of  bringing  before  the  American  Amo- 
elation  fur  the  Advancement  of  Science  in  1876,  the  plan  for  an 
International  Geological  Congress,  the  fifth  meeting  of  wbicb 
was  held  in  Washington  the  past  year.  At  the  Bologna  meet- 
ing in  1881,  he  was  one  of  the  twenty  Tice-Presideats.  He  wat 
made  a  fellow  of  the  Royal  Society  of  London  in  1859,  and  i 
member  of  the  National  Academy  of  Sciences  in  1873;  and  in 
1681  he  received  from  Cambridge,  England,  the  degree  of  LLD. 
Sue  Gkorqb  Biddell  Airy,  for  many  years  Astronomer 
Royal  of  Great  Britain,  died  on  January  7,  in  bis  ninety-firtt 
year.  He  was  graduated  at  Cambridge  as  Senior  Wrangler  io 
1823,  three  years  later  he  was  made  Luoasian  Professor  of  Ualh- 
ematics,  and  in  1828  Piumian  Professor  of  Astronomy;  liis 
appointment  as  Astronomer-Royal  was  made  in  1835.  His  sdei)- 
tific  contributions  in  the  fields  of  mathematics,  physics  and 
Hsironomy,  commencing  in  18:^4,  have  been  numerous  and  of  high 


APPENDIX. 


Art.  XXXI. — Discovery  of  Cretaceous  Mammalia.      Part 
III;   by  O.  C.  IJaksh.     (With  Plates  V-XI.) 

Ik  this  Journal  for  July,  1889,  the  writer  announced  the 
discovery  of  various  remains  of  Cretaqeous  mammals  in  the 
Laramie  of  Wyoming,  and  gave  figures  and  brief  descriptions 
of  some  of  the  best  preserved  specimens.  In  the  following 
number,  the  subject  was  continued,  and  additional  remains 
were  described.*  Since  then,  systematic  explorations  have 
been  made  in  the  same  and  other  localities,  ana,  at  the  present 
time,  more  than  a  thousand  specimens  are  available  for 
examination.  These  fossils  are  all  fragmentary,  but  they 
throw  considerable  light  on  this  peculiar  fauna,  showing  it  to 
be  as  yet  limited,  but  more  varied  than  the  first  discoveries 
indicated. 

All  the  mammals  found  are  small  in  size.  They  are  mainly 
Mesozoic  in  type,  and  more  nearly  related  to  the  Jurassic 
forms  below  than  to  those  in  the  Tertiary  above.  Carnivores, 
Kodents,  and  Ungulates,  still  appear  to  be  wanting  in  this 
horizon,  and  true  Insectivores  have  not  yet  been  identified 
with  certainty.  The  AUot/ieria  are  most  numerous,  and  the 
evidence  that  this  group  is  closely  related  to  the  modern 
Monotremes,  if  not  their  ancestors,  has  been  strengthened  by 
the  discoveries  recently  made.  The  Cimolestidce,  a  family 
allied  to  the  existing  Opossums,  are  especially  abundant,  and 
other  Marsupials  appear  to  be  represented  among  the  remains 
secured. 

In  this  paper,  the  third  of  the  series,  additional  specimens 
from  the  same  horizon  are  briefly  described,  and  these  and 
many  others  are  carefully  figured.  In  a  later  communication, 
the  relations  of  these  forms  to  each  other  and  to  allied  Mesozoic 
and  Tertiary  mammals  will  be  considered,  and  the  whole 
subject  fully  discussed. 

•This  Journal,  III,  vol.  xxxviii.  pp.  81-92,  plates  ii-v,  July,  1889:   and  pp 
n7-1S0,  plates  Tii-viii,  August,  1889. 
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In  the  present  article,  ae  in  the  two  precedinf;  it,  the  remuu 
selected  as  types  are  all  characteristic  specimens,  vhicb, 
although  fragmentary,  will  admit  of  accurate  determiDatioD 
whenever  more  complete  material  is  available  for  comparieon. 
This  is  a  point  of  mnch  importance,  as  paleontology  hu 
suffered  grievously  from  descriptions  of  fossils  without  chanu- 
ters  suiBciently  defiuite  to  distinguish  them  from  more  perfect 
remains  subsequently  brought  to  light.  It  is  a  matter  of  ranch 
less  importance  if  such  discoveries  should  prove  that  two  or 
more  specimens  described  as  distinct  really  pertained  to  one 
animal.  The  advance  of  the  science  thronghout  the  world 
has  not  been  retarded  by  such  preliminary  reference,  but  hai 
often  been  greatly  promoted  by  making  known  promptW 
single  facts  of  importance,  leaving  their  fnll  significance  to  be 
determined  by  later  discoveries,  made  under  more  favorable 
circumstances. 

The  fact,  that,  for  half  a  century  or  more,  search  for 
mammals  in  the  Cretaceous  had  been  made  in  vain,  indicata 
the  importance  justly  attached  to  their  recent  discovery,  audit 
a  sufficient  excuse,  if  any  were  wanting,  for  making  known 
the  little  now  accomplished  by  continued  and  laborious  oJtplora- 
tions.  The  diminutive  size  of  the  Cretaceous  mammals  found, 
and  the  nature  of  the  deposits  in  which  they  were  entombei] 
readily  account  for  the  incomplete  and  isolated  fragments  thm 
far  secured.  The  determination  of  sach  remains  must  of 
necessity  be  more  or  less  provisional  It  will  be  seen,  however, 
from  the  specimens  figured  and  described  in  the  present 
article,  that  among  the  great  number  obtained,  there  are  some 
which  give  valuable  information  in  regard  to  mammalian  life 
in  Cretaceous  time. 

The  geological  lesson  now  taught  by  these  mammalian  relic* 
and  their  iissociated  vertebrate  loi-iiils  ie  no  less  important,  but 
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in  f atare  to  search  for  the  great  series  of  intervening  strata 
containing  the  forms  that  lead  from  one  to  the  other. 

Whether  the  missing  deposits  are  Cretaceous,  transitional, 
or  Tertiary,  or  all  three,  they  must  exist  somewhere,  for  their 
existence  is  demonstrated  by  what  is  known  of  vertebrate  life 
below  and  above  them.  This  knowledge  has  been  mainly 
fiecnred  within  the  last  few  years,  and  has  hardly  become 
accessible  yet  to  other  departments  of  science. 

Bearing  in  mind  all  that  is  known  to-day  of  the  develop- 
ment and  succession  of  vertebrate  life  in  America,  from  the 
early  Silurian  on  to  the  present  time,  it  is  safe  to  say  that  the 
faunal  break  as  now  known  between  the  Laramie  and  the  lower 
Wahsatch  is  far  more  profound  than  would  be  the  case  if  the 
entire  Jurassic  and  the  Cretaceous  below  the  Laramie  were 
wanting.  Consequently,  every  discovery  that  throws  light  on 
this  dark  region  of  the  geological  section  has  an  importance 
beyond  its  intrinsic  value.  In  mammalian  life,  the  record  here 
is  especially  imperfect,  and  every  addition  should  be  welcome. 


The  Allothbria. 

The  most  important  mammalian  remains  so  far  discovered 
in  the  Ceratops  beds  of  the  Laramie  belong  to  the  group 
which  the  writer  has  called  the  Allotheria,*  Members  of  this 
group  are  known  also  from  both  the  Triassic  and  Jurassic,  and 
their  presence  in  the  Cretaceous  was,  of  course,  to  be  expected. 
Several  hundred  specimens  have  now  been  found,  indicating 

anite  a  number  of  genera  and  species,  but  the  correlation  of 
liese  remains  is  as  yet  a  matter  of  great  difficulty.  The  indi- 
vidual teeth  are  most  of  them  in  excellent  preservation,  and, 
in  a  few  cases,  several  are  in  position  in  the  jaw,  but  accurate 
determination  of  many  of  the  forms  must  depend  upon  the 
results  of  future  discovery.  The  isolated  specimens  now  known, 
taken  together,  or  the  corresponding  parts  when  compared 
with  each  other,  all  prove  the  abundance  and  variety  of  this 
group  during  Cretaceous  time ;  yet  it  seems  much  more 
profitable  at  present  to  indicate  the  main  variations  in  these 
specimens  rather  than  attempt  reconstructions  of  animals  to 
which  they  may  be  imagined  to  belong. 

As  is  usually  the  case  with  fragmentary  remains  of  small 
mammals,  the  lower  jaws  are  best  preserved,  and  readily 
recognized.  The  lower  teeth  seem  less  rare  in  the  Laramie 
than  any  other  portions  of  the  skull  or  skeleton,  and  as  they 
are  especially  characteristic  in  the  Allotheria^  must  be  used 
largely  in  the  present  investigation. 

•This  Journal,  III,  vol.  xx,  p.  239,  1880. 
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ITie  Lower  "Reth. 

Among  the  man^  lower  incieore  of  this  gronp  found  in  tbii 
horizon,  three  well-marked  types,  at  least,  may  be  distingnished, 
as  follows : 

The  striate  forme,  which  have  the  inner  face  flattened  to 
meet  its  fellow,  and  the  entire  crown  covered  with  enund. 
This  type  is  fignred  on  Plate  III  of  Part  I,  and  Plate  VIII  of 
Part  II.  Another  is  shown  on  PlateVI,  lignreS,  of  the  present 
paper,  and  there  are  several  others. 

The  second  series  is  somewhat  smaller  in  size,  with  the  crown 
also  covered  witli  enamel,  but  it  is  compressed,  and  irregularty 
bevelled  on  the  concave  side,  somewhat  like  the  lower  incisors 
of  Ilypsiprymnus.  One  of  these  teeth  is  represented  od 
Plate  I V,  Part  I,  and  another  is  shown  below,  Plate  V, 
figure  4.     The  enamel  ie  very  thin,  and  easily  lost. 

A  third  type,  smaller  than  the  above,  is  more  abundant.  It 
is  slender,  considerably  curved,  and  the  outer  face  only  ii 
entirely  covered  with  enamel.  This  type  is  seen  on  Plate  Till, 
Part  ll,  and  in  figure  4,  Plate  VI,  below. 

A  fourth  type,  which  may  pertain  to  the  upper  genes,  is 
similar  to  the  second,  hut  has  one  margin  serrate.  This 
form  is  shown  on  Plate  VII,  Part  II.  A  modification  of  it 
occurs  in  smaller  forme,  one  of  which  is  shown  in  Plate 
VII,  figure  a,  below.  The  lower  incisors  of  some  of  the  exist- 
ing shrews  iSorex)  are  notched  on  the  outer  margin  in  a 
somewhat  similar  manner. 

In  all  the  AUotkena  of  this  horizon,  the  first  and  second 
lower  premolars  are  apparently  wanting.  Only  the  third  and 
fourth  have  been  found  in  place.  The  third  when  present  ie 
very  small,  and  cylindrical,  with  a  single  root     The  fourth  ia 
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In  a  second  series,  the  whole  premolar  is  smooth,  the  sides 
being  without  distinct  grooves  or  ridges.  This  type  of 
premolar  is  found  in  several  forms,  which  differ  much  in  other 
features. 

The  lower  molars  are  as  usual  two  in  number,  and  although 
differing  widely  in  the  form  and  structure  of  their  crowns, 
have  only  two  parallel  series  of  crescents  or  tubercles,  an  outer 
and  iriner  row,  with  a  groove  or  valley  between  them. 

The  Upper  Teeth. 

The  upper  dental  series  of  the  AUotheria  of  this  horizon  is 
much  more  complicated  than  the  lower  series,  and  as  the  teeth 
known  are  nearly  all  isolated,  or  with  only  portions  of  jaws 
attached,  their  relation  to  the  inferior  teeth  is  at  present  hardly 
more  than  a  matter  of  probability.  Some  of  the  larger  forms 
certainly  have  two,  if  not  three,  upper  incisors,  and  the  main 
one  is  deeply  notched  at  one  or  more  points,  as  in  the  genus 
AUodon  of  the  American  Jurassic. 

The  upper  premolars  that  can  be  placed  with  certainty  are 
in  most  cases  compressed  in  form,  and  evidently  met  the 
cutting  fourth  premolar  below.  Most  of  these  upper  cutting 
teeth  secured,  however,  pertain  to  the  smaller  forms,  making 
it  very  probable,  at  least,  that  in  the  large  species,  the  upper 
premolars  were  not  much  compressed,  and  had  in  themselves 
no  cutting  function.  This  was  certainly  true,  also,  in  some 
of  the  smallest  forms ;  as  in  AUacodoii  pumilus,  the  premolars 
are  all  known,  and  in  one  of  the  specimens  figured,  three  of 
them  are  in  place  (Plate  VII,  figure  3). 

The  upper  molars  of  the  group  now  known  from  this  horizon 
are  of  special  interest.  Altnough  not  found  in  position  in  any 
one  specimen,  so  many  have  been  secured  with  portions  of  the 
jaw  attached,  that  their  place  in  the  dental  series  has  been 
ascertained  in  several  forms.  All  these  have  apparently  but 
two  true  molars,  the  penultimate  being  in  some  cases  of 
smaller  size  than  the  last. 

The  upper  molar  teeth  may  be  separated  into  two  series,  the 
first  having  three  longitudinal  rows  of  elevations  on  the  crown, 
and  the  second  series  but  two  rows.  The  various  modifica- 
tions of  these  types  are  numerous,  and  certainly  indicate  many 
distinct  forms.  In  some  of  these,  the  prominences  in  each  of 
the  three  rows  are  conical,  and  each  row  is  complete,  especially  in 
the  last  molar.    Another  type  has  the  three  rows  complete  also. 
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but  the  elevations  are  crcecentic,  with  the  convexit;  for- 
ward. In  a  third  serieB,  the  two  onter  rows  are  compoeed 
of  tubercles,  and  the  middle  one  of  crescents  onlj.  In  the 
smaller  npper  molars,  the  middle  row  and  the  onter  one  are 
complete,  hut  the  inner  row  is  less  developed.  In  the  second 
series,  where  the  true  molars  have  but  two  rows  of  etevationB, 
these  are  either  conical,  or  distinctly  cresceotic,  the  former 
being  especially  seen  in  the  smaller  forma 

Among  the  very  large  number  of  AllGtheria  teeth  found  in 
the  localities  explored,  not  one  has  yet  been  secured  corre- 
sponding to  the  molar  described  by  Cope,  and  referred  with  tbe 
type  to  Meniacoesaua.  Tlie  nearest  approach  to  it  is  the  upper 
molar  described  by  the  writer  in  Part  II,  as  the  type  of  Helen- 
acodon  brevis  (Plate  VII,  figures  9-1 2),  and  this  tooth  is  snialler 
in  size.  The  two  specimens  are  from  widely  distant  localities, 
and  perhaps  from  distinct  horizons.  In  the  molar  described 
by  Cope,  one  end  of  the  crown  was  lost,  and  this  fact  was 
stated  in  the  original  description,  and  shown  in  the  first  figure 
published.* 

The  various  Allotheria  remains  represented  in  the  accom- 
panying plates  include  several  that  appear  to  be  difierent  from 
those  previously  described,  but  in  view  of  their  fragmentan 
nature,  some  liave  been  referred  to  species  already  nameo. 
The  material  now  secured,  when  fully  investigated,  will  test  tbe 
accuracy  of  these  references.  A  few  of  the  smaller  forms 
which  appear  to  be  quite  distinct  are  briefly  described  below, 
and  their  main  eharacteri sties  shown  in  the  plates;  accnnte 
figures  being  the  best  description,  as  every  paleontologist 
knows. 


Cimolodon parvus,  sp.  nov. 
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)  4.  A  number  of  separate  incisors  and  molar  teeth, 
with  pieces  of  the  jaw  attached,  were  found  at  the  same 
ty,  ana  one  of  the  molars  is  represented  on  the  same 
,  figure  6.  The  incisor  in  the  type  is  much  compressed, 
las  its  inner  face  concave.  The  symphysis  of  the  jaw  is 
small,  and  situated  on  a  distinct  elevation.  The  molar 
shown  in  figure  6  is  from  the  lower  series,  and  apparently 
enultimate.  The  cusps  are  tubercular,  and  there  is  a  deep 
am  groove  between  the  two  rows. 

is  species  is  about  half  the  size  of  Cimolodon  nitidicSy  a 
r  of  which  is  shown  on  the  same  plate,  figure  7,  and  a 
•  jaw,  in  figure  9.  The  latter  specimen  is  of  special 
38t,  as  it  shows  the  smooth  fourth  premolar  in  place,  with 
nmmit  of  the  crown  on  a  level  with  the  two  molar  teeth 
id  it. 
ese  specimens  are  all  from  the  Laramie  of  Wyoming. 

Cimolodon  agilis^  sp.  nov^ 

e  smallest  species  of  this  genus  is  represented  by  various 
ns,  the  most  important  of  which  is  the  left  lower  jaw, 
11  on  Plate  VI,  ngure  8,  which  is  here  taken  as  the  type 
men.  The  penultimate  molar  is  in  place,  and  its  position 
far  back  that  its  posterior  margin  is  opposite  the  front  of 
joronoid  process.  The  last  molar,  when  present,  was 
jly  concealed  by  this  process  when  seen  from  the  outside, 
molar  preserved  has  the  two  rows  of  tubercles  close 
her,  with  only  a  valley  between  them, 
is  specimen,  which  belonged  to  an  animal  the  size  of  a 
e,  was  also  found  in  the  Laramie  deposits  of  Wyoming. 

AUacodon  fortiSy  sp.  nov. 

ice  the  genus  AUacodon  was  established  by  the  writer,  in 
II,  many  additional  specimens  have  been  secured,  so  that 
jntire  upper  series  oi  molars  and  premolars,  at  least,  is 
?^ed  to  be  known.     Of  these  teeth,  there  are  three  distinct 

representing  as  many  species.  The  largest  of  these  is 
scribed,  and  the  tooth  shown  in  Plate  VII,  figure  4, 
)f  the  most  characteristic,  may  be  taken  as  the  type, 
evidently  an  upper  premolar  corresponding  to  the  middle 
Q  the  jaw  of  AUacodon  jpurriilus  represented  on  the  same 

figure  3. 

e  upper  teeth  in  this  genus,  besides  those  figured,  have 
r  five  or  six  cones  on  the  crown,  and  are  evidently  molars, 
:ng  that  this  genus  is  closely  allied  to  Allodon  of  the 
sic,  described  by  the  writer. 


\ 
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The  lower  teeth  of  the  present  genaa  are  not  known  with 
certainty.  The  epecimeoB  here  figared  are  from  the  Lanmie 
of  Wyoming. 

AUacodon  rartta,  sp,  nov. 
Among  the  Bpectmeng  above  described  a  few  isolated  teeth 
were  found,  one  of  which  is  represented  in  Plate  VII,  fignre  5, 
and  may  be  provisionally  referred  to  the  genus  Allaoodon.  It  i> 
a  molar  tootn,  with  four  rounded  tabercles  on  the  crown,  vet 
these  are  not  crowded  together  as  in  the  known  species  of  this 
geniiB,  bnt  the  anterior  and  posterior  pairs  are  separated  bj  i 
deep  transverse  groove,  showing  a  distinct  type  of  tooth.  This 
Is  well  shown  in  the  figures  given.  Additional  specimens  mnst 
determine  its  nearer  affinities. 

Oracodon  comtlua,  sp.  nov. 

The  teeth  of  this  genus  have  well  marked  characters,  bnt 
none  liave  yet  been  fonnd  in  position,  or  so  associated  with 
other  remains  as  to  afford  any  evidence  of  where  they  really 
belong.  Although  their  general  featnrea  are  distinctive,  there 
are  varions  forms  and  sizes  among  those  now  known.  The 
two  teeth  shown  on  Plate  VII,  tigures  6  and  7,  agree  sub- 
stantially with  the  type  specimen  of  Oracodon  ancepa,  descrilwd 
in  Part  II.  A  somewhat  larger  form,  represented  m  Plate  ^  II. 
figure  8,  appears  to  be  difEerent,  and  is  taken  as  the  type  of  the 
species  here  regarded  as  new.  Its  important  characters  sre 
well  shown  in  the  tigtire. 

The  teeth  tigured  appear  to  be  upper  premolars,  and  one  of 
them  shows  a  worn  surface  on  the  inner  side  of  the  crown. 
They  are  here  placed  with  the  Alht/ieria,  and  a  fortunate 
discovery  may  at  any  time  prove  their  proper  position  among 
the  varied  remains  of  this  group. 
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first,  or  inner  one,  being  mach  the  largest.  A  very  stont  canine 
(fig.  a,  c)  was  present,  and  behind  it,  in  close  contact,  follow 
two  premolars,  the  second  being  the  larger.  These  are  both 
mnch  worn,  bnt  the  snrface  of  the  crowns  preserved  is  coarsely 
striate,  or  rngose,  thns  permitting  a  comparison  with  various 
isolated  teeth  of  similar  size  and  structure  found  in  the  same 
deposits.  Two  of  these  teeth  are' shown  in  the  same  plate, 
figures  4  and  5,  while  a  separate  canine  referred  to  this  species 
is  represented  in  figure  6. 

These  specimens  taken  together  indicate  a  carnivorous, 
animal,  which  apparently  has  its  nearest  living  ally  in  the 
genus  SarcopAitns,  the  only  representative  of  which  is  the 
"  Tasmanian  devil "  {S.  ursinus^  Cuvier).  The  resemblance  of 
the  present  type  specimen  to  the  corresponding  part  of  this 
living  marsupial  is  close. 

The  teeth  of  the  smaller  species  of  Stagodon  shown  on  the 
same  plate  appear  to  be  all  upper  premolars,  and  each  has  two 
roots.  The  crowns  of  those  best  preserved  show  indications  of 
the  same  rugose  markings  seen  on  the  larger  lower  teeth,  and 
all  other  features  prove  their  close  affinity  with  them.* 

The  Cimolestidce, 

The  remaining  specimens  figured  on  the  accompanying 
plates  (IX-XI)  include  various  fossils  belonging  to  tne  fam- 
ily CimolestidcBj  which  appear  to  be  certainly  marsupials  more 
or  less  related  to  the  modern  opossums,  fieside  tnese,  how- 
ever, there  are  quite  a  number  of  remains  which  sliow  features 
of  the  Insectivora,  but  until  more  perfect  specimens  are 
obtained,  their  true  affinities  must  remain  in  doubt.  Under 
these  circumstances,  some  of  these  fossils  have  been  referred 
to  forms  previously  made  known  in  Parts  I  and  II,  and  only 
the  most  distinct  and  best  preserved  specimens  are  described 
as  new.  It  is  believed  that  the  material  already  secured,  when 
properly  worked  out  of  the  matrix  and  investigated,  will 
remove  most  of  the  uncertainty  now  remaining  in  regard  to 
several  typical  forms  already  in  part  made  known. 

The  larger  forms  most  nearly  allied  to  the  genus  Didelphya 
are  hot  abundant,  but  their  size  has  kept  some  of  the  remains 
in  good  preservation.  There  are  several  distinct  species  of 
these,  but  at  present  they  are  known  only  from  imperfect 
material,  mostly  isolated  teeth. 

*Prof.  Oaboni  in  the  paper  already  quoted  has  questioned  the  niammalian 
nature  of  the  type  of  this  genus,  without  giving  any  evidence  for  such  an 
opinion.  In  a  later  paper  (Am.  Nat.,  p.  780,  1891),  he  has  even  placed  in  the 
Stagodontidc^  as  my  types,  figures  of  quite  different  fossils.  No  reply  is  necessary, 
as  the  specimens  shown  on  Plate  VIII  tell  their  own  story  to  every  anatomist. 
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The  smaller  forme,  incltidmg  the  genne  Otmolestes  and  ite 
near  allies,  are  less  rare,  and  tbns  admit  of  more  accniate 
determination.  Of  theee  forms,  there  are  at  least  three  genen, 
which  may  be  readily  separated  from  the  specimens  now 
known.  Cimolestes,  which  has  in  the  lower  jaw  seven  teeth 
behind  the  canine,  forming  a  close  series  withoat  diastenu; 
Batodon,  with  four  premolars  separated  from  each  other ;  and 
Telacodon^  an  allied  form,  with  five  lower  premolars.  Tbe 
upper  molar  teeth  referred  provisionally  to  these  genera  have 
also  marked  characters,  as  shown  in  the  variona  figares  repre- 
senting them,  bat  more  perfect  speeimeiis  must  settle  the 
question  of  their  exact  relations  to  each  other. 

Telacodon  leevU,  gen.  et  sp.  nov. 

The  type  specimen  of  this  genus  is  the  right  lower  jaw 
figured  on  Plate  IX,  figure  3,  u  contains  three  premolars  in 
good  preservation,  and  nas  alveoles  for  two  more  between  these 
and  the  canine.  An  upper  premolar  referred  to  this  species  ie 
shown  in  figure  2,  and  an  upper  molar,  also  referred  provision- 
ally to  this  form,  is  given  on  Plate  XI,  figure  1.  Their  eiact 
relation  to  each  other  is.  of  course,  uncertain.  They  are  all 
from  the  same  locality,  although  not  found  closely  associated. 

A  second  species,  somewhat  larger  in  size,  is  represented  by 
several  specimens,  one  of  wbich,  the  lower  jaw  shown  on 
Plate  IX,  figure  4,  may  be  taken  as  the  type.  The  lower 
molar  represented  on  Plate  XI,  figure  S,  is  reierred  to  the  same 
species  with  doubt.  This  species  may  be  called  2Vacm/on 
priFStana. 

All  the  remains  of  this  genus  so  far  as  known  are  from  the 
Lai-amie  of  Wyoming, 
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One  of  the  most  interesting  isolated  teeth  found  is  repre- 
nted  on  Plate  XI,  figure  9.  Several  others  with  the  same 
mcture  of  crown  have  been  secured,  but  most  of  them  are 
uch  more  worn.  All  are  evidently  deciduous,  and  they  were 
iBOciated  with  the  teeth  of  Didelphops,  There  can  be  little 
onbt  that  they  are  the  milk-teeth  of  the  last  premolar,  and 
pobably  pertain  to  that  genus.  The  discovery  of  these 
leth  is  of  special  interest,  as  it  connects  the  Cretaceous 
^rms  with  existing  Marsupials. 

The  only  specimens  described  in  this  series  of  papers  in 
jgard  to  the  nature  of  which  any  reasonable  doubt  can  be 
iggested  are  the  small  Platacodon  teeth  the  crowns  of  which 
■e  figured  in  Part  II,  Plate  VIII.  In  form,  these  are  cer- 
linly  like  the  crowns  of  some  fish- teeth,  but  the  best  authorities 
a  the  subject  who  have  examined  them  do  not  consider  them 
ich.  They  were  found  associated  with  characteristic  mammal 
jeth,  some  of  which  they  closely  resemble,  especially  various 
nail  incisors,  one  of  which  entire  is  represented  on  Plate  XI, 
a^re  7.  A  microscopic  examination  will  determine  the  true 
iture  of  the  type. 

The  specimens  described  and  figured  in  the  present  article 
1  belong  to  the  skull,  the  teeth  being  especially  characteristic, 
id  best  preserved.  Associated  with  these,  likewise,  were 
lany  parts  of  the  skeleton,  especially  vertebrce,  and  bones  of 
le  limbs  and  feet.  Some  of  these  specimens  were  illustrated 
I  Part  1,  Plate  V,  and  many  others  will  be  discussed  in  a  later 
>mmnnication.  The  bones  of  the  skeleton  now  known  con- 
rm  the  conclusion  derived  from  the  teeth,  that  many  genera 
id  species  are  represented  in  the  collections  made.  Some  of 
le  broader  generalizations  suggested  by  the  preliminary  study 
f  these  remains  are  of  special  interest  in  connection  with  those 
ready  presented,  but  cannot  be  given  here.  One  or  two 
ctSi  however,  may  be  mentioned.  All  the  pelvic  bones  thus 
r  found  have  been  separate.  This  is  true  not  only  of  those 
•  young  animals,  but  of  some  others  apparently  adult.  The 
mes  of  the  feet,  moreover,  indicate  that  the  specialization  so 
arked  in  the  dentition  of  some  of  these  early  mammals  was 
)t  confined  to  the  skull,  but  in  one  or  more  forms,  at  least, 
id  made  equal  progress  in  the  extremities. 

For  the  rare  and  important  material  on  which  the  present 
•mmnnication  is  based,  the  writer  is  again  mainly  indebted  to 
8  able  assistant,  Mr.  J.  B.  Hatcher,  whose  field-work  in  verte- 
•ate  paleontology  has  never  been  surpassed,  and  will  be 
►preciated  more  fully  as  the  results  of  his  explorations  are 
aced  on  record. 
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POBTSCKIPT. 

After  Parte  I  and  II  of  the  prescDt  series  were  pabliBhed,  I 
made  a  commnnication  on  the  gnbject  before  the  British 
Aeeociation,  at  the  Leede  meetiDg,  Section  D,  September  5, 
1890.  The  title  of  the  oaper  was  "  On  the  Cretaoeoos  Mim- 
mal8  of  North  America,  These  were  fuily  discnsaed  bo  fu 
as  then  known,  and  a  series  of  specimens  of  the  princip^ 
forma  discovered  was  exhibited  to  the  section,  and  shown  to 
many  otlier  members  interested  in  the  subject.  An  abstractof 
this  paper  will  be  found  in  the  Report  of  this  meeting,  p.  853, 
1S91. 

The  first  announcement  of  Mammals  in  the  Cretaceous  of 
Europe  has  recently  been  made  before  the  Zoological  Societr 
of  London,  November  17,  1891,  by  Smith  Woodward,  of  tl» 
British  Museum,  who  described  a  single  molar  tooth  from  the 
Wealden  of  Hastings,  under  the  name  Plagiaulax  DawtoM. 
An  abstract  is  given  in  Nature,  p.  164,  December  17,  1891. 
It  seems  strange  that  discoveries  of  similar  remains  have  not 
been  made  before  in  the  Wealden,  bnt  now  others  will  proba- 
bly follow.  A  more  promising  field  is  in  the  fresh-w»ter 
Gosau  beds,  of  Austria,  where  the  Cerat^aidcB  occur,  and  otber 
fossils  allied  to  those  in  the  Laramie.  When  a  student  in  Ge^ 
many,  years  ago,  I  searched  in  them  myself  for  mamniali, 
without  success,  but  have  ever  since  been  expecting  lliat 
some  one  would  announce  the  discovery. 

In  this  country,  the  discoveries  of  Cretaceous  Mammuhaj 
announced  by  me  in  l88fi  were  not  altogether  approved  by  Prof. 
H.  F.  Osborn.  who,  while  my  investigation  was  still  in  progress, 
wrote  a  criticisiii  of  the  twu  piirts  already  isaned,  although  iw 
had  seen  none  of  the  specimens  described.  This  review 
was    read    before  various  scicnlific  bodies,  among    them   tlie 
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le  committee  of  pnblication,  he  gave  me  full  permission  to 
ublish  it  separately,  duly  credited  lo  the  Academy,  and  a  few 
Dpies  were  thus  printed,  and  sent  to  Europe.  The  sudden 
eath  of  Dr.  Leidy  delayed  publication  by  the  Academy,  but 
lie  paper  appeared  in  the  Proceedings,  pp.  23T-241,  1891, 
ssentiaily  as  presented,  the  main  alterations  being  verbal 
banges,  the  result  of  editorial  supervision.  Separate  copies 
ad  previously  been  printed  by  the  Academy,  and  distribiited 
y  me. 

Prof.  Osbom  next  had  his  original  review  as  oflFered  to  the 
Philadelphia  Academy  published  in  full  in  the  American 
Taturalist  for  July,  1891,  and  with  it  my  reply  as  presented  to 
be  same  Academy,  except  under  a  somewhat  different  title. 
?o  the  latter  article,  he  prepared  the  rejoinder  read  before 
he  American  Association  at  Washington,  August  21,  1891, 
published  it  in  the  American  Naturalist  for  September,  1891, 
nd  issued  revised,  separate  copies.  In  this  paper,  Prof, 
kborn  attempts  to  answer  the  criticism  upon  his  review 
nd  previous  work  on  Mesozoic  mammals,  and  repeats  a 
umber  of  statements  made  in  his  original  review,  and  since 
hown  to  be  erroneous.  The  value  of  such  extensive  publica- 
ions  without  examination  of  a  single  specimen  described  may 
e  fairly  questioned.  The  record  of  tliem  above  presented  is 
)r  the  benelit  of  those  especially  interested  in  the  subject. 

New  Haven,  Conn.,  Feb.  23,  1892. 


Explanation   of  Plates. 

Plate  V. 

OUBE  1 . — Upper  cutting  premolar  of  Cimolomys  gracilis,  Marsli. 
6UBB  2. — Upper  molar  of  THpriodon  caper atus^  Mar^h. 
OCRE  3. — Right  upper  molar  of  Tripriodon  axlatus,  Marsh. 
OURE  4. — Left  lower  incisor  of  IlaXodon  scidptus,  Marsh,  in  position  in  jaw. 
otTRE  5. — Right  lower  fourth  premolar  of  same  species. 
[GURE  6. — Worn  molar  of  Dipriodon  lunatus,  Marsh. 

IGURE  7. — Right  lower  jaw  of  Dipriodon  lunatus,  with  third  and  fourth  premolars 
and  first  molar  in  place.     Natural  size. 

Plate  VI. 

[QURE  1 . — Upper  incisor  of  Dipriodon  lunatus. 

[OURE  2. — Upper  premolar  of  Ndnomyops  (Xanomys)  minutus,  Marsh. 

IGXTRE  3. — Upper  molar  of  Cimolodon  nitidus^  Marsh. 

[GURE  4. — Left  lower  incisor  of  Cimolodon  parvu-i,  Marsh,  in  position  in  jaw. 

[GURE  6. — Lower  incisor  of  Selenacodon. 

IGT7RE  6. — Molar  of  Cimolodon  parvus. 

IGURE  7. — Molar  of  Cimolodon  nitidits. 

lOURE  8. — Lower  jaw  of  Cimolodon  agilis.  Marsh,  with  penultimate  molar  in  place. 

IGURE  9. — Right  lower  jaw  of  Cimolodon  nitidtts,  with  cutting  premolar  and  last 

two  molars  in  place. 
yote, — In  all  the  plates,  Figure  a  is  natural  size.    The  figures  enlarged  have  the 
icrease  in  size  given  in  diameters  over  each  cut 
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Pl*ib  vu. 
Flot'RE  I. — laiAaot  o!  Cimolomyf  graciiia. 
FisuRE  2. — Incisor  of  Cim^myi  brllvs,  Marab, 

FtQURii  i. — ITpper  jsvr  of  AUacoden  pamihu.  Marsh,  with  three  prsmobre  in  [bcL 
FiooRE  4. — Upper  premolar  of  JitaaKfon/orfis,  Uarsh. 
FlOCRE  5. — Upper  molar  of  .4Uoco(bnrartu,  MsTsh. 
FiQCEB  fi.— Upper  premglar  of  Oracodon  aacepe,  Marsh. 
FlotJHE  7. — Upper  ciittmg  premolar  of  same  species. 
FiGUHB  8. — Upper  premolar  of  Oraajdoit  amulaa,  Marih. 

Plate  VIII. 

FiQURE  I. — Premolar  of  Stagodon  nilor.  Marsh.    <T)-pe.) 
FitirllE  2. — Premolar  of  aame  species,  with  roots  more  distinct. 
FlGCRB  3. — Upper  premolar  of  Slagodon  tumidia,  Marsb.    .(Type.) 
FlOVRE  4. — Preraolar  of  Stagodan  vaiidtia,  Marsh. 
Figure  5. — Premolar  of  same  species. 
FlOURE  6. — Left  lower  canine  of  same. 

PiofRE  T. — Right  lower  jaw   of   Stagndon    validua,    showing   canine  uid  iiro 
premolars  in  placK, 

Plate  IX. 

FlOCBE  I. — Two  right  upper  molars  of  Diiitfpfiopj  vorux,  Uareh,  in  position  iDJii. 

FiouBE  i  — Upper  preraolar  of  Telamdoa  lava.  Marsh,  in  jaw. 

Figure  3. — Lower  jan'  of  Ttlacodon  lavis,   with  three  premolars  in  place,  ud 

alveoles  for  two  others. 
PiauHB  i. — Lower  jaw  of  Tdacodoa  praaUitiii,  Marsh. 
Figure  5. — Left  lower  jaw  of  Ciinoleales  incims,  Uarsli ;  outside  view. 
PtttURE  e. — Tlicsamojaw;  inside  view. 

Fioche  1. — Right  lower  jaw  of /WiWpAops /era/,  Marsh;  seen  froin  above. 
FloVRB  B. — The  same  jaw ;  seen  from  the  inside.     Both  flgures  natural  liie. 

Plate  X. 
KiQURB  1. — Upper  molar  of  OirfeipAops  eO'ii^iiM,  Marsh. 
Figure  !. — Upper  premolar  of  itamc  species. 
KlGUKB  J.— Upper  molar  of  Pationty  elfgans.  Marsh. 
FiQl'HE  4. — Premolar  of  sume  species. 
Fcoi'HE  5. — Lower  molar  of  Cimolealfs  ineifue. 

FlGl'RE  G, — Lower  jaw  of  Balodoa  trnuis,  Marsh,  with  last  two  molars  in  placf 
—Left  lower  jaw  ot  Pidiontya  fltgam.  with  last  molar  in  place. 


THE 


AMERICAN  JOURNAL  OF  SCIENCE 


[THIRD    SERIES.] 


-♦♦♦- 


Art.  XXXII.  —  On  the  Action  of  Vacuum  Discharge 
Streamers  upon  each  other;  by  M.  I.  PuPiN,  Ph.D.,  of 
Columbia  College.     With  Plate  XII. 

Various  phenomena  which  I  observed  in  the  course  of  an 
investigation  on  the  coronal  eflFects  produced  by  electrical  dis- 
charges through  rarefied  gases,  led  mc  to  the  belief  that  under 
certain  conditions  two  electric  current  filaments  in  a  rarefied 
B^as  may  act  upon  each  other  oppositely  to  the  direction  of 
their  mutual  electrodynamic  action,  and  that  this  additional 
action  may  sometimes  be  far  predominant  over  the  electro- 
dynamic  action  ;  that  is  to  say,  we  have  a  strong  repulsion  where 
electrodynamic  action  would  produce  an  attraction.  A  brief 
account  of  these  investigations  was  given  on  Feb.  8th,  before 
the  Astronomical  Section  of  the  New  York  Academy  of 
Sciences.  The  following  paper  is  limited  to  the  description 
of  the  experiments  by  means  of  which  the  existence  ot  the 
above  mentioned  action  was  definitely  proved. 

Fig.  1  represents  the  apparatus  first  employed.  Four  glass 
bulbs,  A,  B,  C,  D,  each  having  a  capacity  of  about  a  liter,  are 
connected  by  four  glass  tubes  of  small  bore  to  a  glass  reservoir 
E.  A  stopcock  F  serves  to  connect  the  apparatus  to  a  mer- 
cury pump.  The  reservoir  has  a  diameter  of  lO*^™  and  a  length 
of  22"°.  The  mouths  ^,  /*,  g^  A,  of  the  four  narrow-bore  tubes 
form  a  square  whose  side  is  10^'"  long.  The  bulbs  are  covered 
with  tinfoil  and  the  tinfoil  is  then  well  coated  with  paraffin. 
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Each  tinfoil  covering  has  a  well  iDsulated  copper  wire  atUcliol 
to  it. 

Fia-t. 


After  producing  a  2"""  vacuum  in  the  apparatas  the  bulbs  A 
and  B  were  connected  to  the  secondary  poles  of  a  amall  Ritchie 
induction  coil,  whose  primary  was  fed  by  an  alternating  cnrrent 
of  125  periods  per  second.  The  electromotive  force  in  the 
secondary  coil  was  varied  by  varying  the  cnrrent  in  the  pri- 
inarj';  this  was  done  by  means  of  a  resistance  box  in  the  pri- 
mary circuit.  The  electric  flow  between  the  balbs  is,  of  conrw, 
due  to  the  condenser  effect  between  the  tinfoils  and  the 
vacuum. 

At  the  pressure  of  2°""  the  dischai^e  waa  easy,  stendy  and 
very  diffuse  along  its  path  through  tlie  reservoir.  Discon- 
necting AB  and  connecting  CD  to  the  induction  coil  the  difr 
charge  was  the  same  in  character  as  before.  Conoectingbotfa 
pairs  of  Imlfe  in  paraliel  to  the  inductiuii  coil,  that  is,  the  biilli* 
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it  the  oscillations  were  always  in  the  plane  common  to  their 
ictilinear  paths. 

The  pressure  was  still  increased  by  turning  the  stopcock 
nee  around  and  allowing  some  more  air  to  get  in.  The  dis- 
barges  became  still  less  diffuse  along  their  path  through  the 
eservoir  and  when  allowed  to  pass  one  at  a  time  they  were 
uite  steady  and  rectilinear.  Both  being  allowed  to  pass 
broogh  the  reservoir  simultaneously  they  were  appreciably 
oncave  toward  each  other,  but  the  concave  arcs  were  in  the 
►lane  passing  through  their  shortest  path  in  the  reservoir, 
i'here  was  evidently  a  repulsive  force  acting  between  the  dis- 
barges.  This  repulsive  force  increased  continually  with  the 
Qcrease  of  pressure  in  the  vacuum,  but  with  the  increase  of  the 
orce  the  steadiness  of  the  discharges  along  their  paths  through 
!ie  reservoir  when  they  were  both  passing  simultaneously 
radually  diminished.  Fig.  3  (Plate  XII)  is  a  photograph  of 
le  discharges  when  taking  place  simultaneously  in  a  vacuum  in 
hich  the  repulsive  force  just  described  was  moderate.  Fig. 
is  a  photograph  of  the  same  discharges,  but  when  taking 
ace  one  at  a  time.  Fig.  2  indicates  that  there  is  a  repulsion 
itween  the  discharge  and  the  nearest  wall  of  the  reservoir, 
it  this  repulsion  is  very  small  in  comparison  to  the  repulsion 
ting  between  the  streamers,  when  they  take  place  simulta- 
touslv,  as  tig.  3  indicates.  The  photographs  were  taken  by 
try  short  (1  to  l^  second)  exposure,  so  strong  is  the  luminosity 
uiese  discharges.  They  were  taken  when  the  repulsion  was 
oderate,  because  when  the  repulsion  is  very  strong  the  dis- 
arges  oscillate  very  rapidly,  so  that  they  could  not  be  well 
lotographed  with  tne  apparatus  employed.  When  the  repul- 
m  was  so  strong  as  to  cause  the  streamers  to  curve  way  out 
d  from  time  to  time  strike  the  nearest  wall  of  the  reservoir, 
e  vibrations  became  very  violent  every  time  the  streamers 
ruck  against  the  walls.  They  rebounded  against  the  walls 
st  as  ii  they  were  luminous  vibrating  strings. 
At  this  pressure  in  the  vacuum  it  was  very  difficult  to  start. 
e  discharge  and  I  bad  to  strain  the  alternating  machine  and 
e  induction  coil  to  their  utmost  to  make  the  start.*  But 
lien  once  started  the  discharge  continues  without  any  inter- 
ption  even  if  the  potential  at  the  tinfoils  is  lowered  15  to  20 
r  cent 

The  rate  at  which  the  temperature  of  these  discharges  in- 
eased  with  the  increase  of  pressure  in  the  vacuum  seems  to 
much  more  rapid  than  the  increase  of  the  pressure ;  (the 
ipreesed  e,  m,f\^  of  course  has  to  be  increased  with  the  pres- 
re)  and  with  the  increase  of  the  temperature  the  luminosity 

*  A  gentle  touch  of  the  apparatus  with  a  conductor  will  sometimes  start  the 
charge  at  ODce  when  all  oliier  means  of  making  this  start  fail. 
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of  tho  discharge  increased  aleo.  With  the  increase  of  lamin- 
osity  the  color  of  the  discharge  changed  from  the  pink  color, 
which  is  the  characteristic  color  of  the  ordinary  Geieeler  ttibe 
diecliarges  through  rarefied  air.  to  a  color  which  inclined  more 
and  more  toward  the  white.  With  the  increase  of  the  pressnw 
the  diffuseness  of  the  discharge  disappeared,  bat  instead  of  ibe 
diffuse  pink  color  there  appeared  a  licautifnl  green  pLospho- 
rescent  light  which  filled  tue  whole  reservoir.  This  phospW 
rescent  light  is  eo  strong,  that  even  an  almost  instantaoeons 
exposnre  is  sufficient  to  give  it  time  to  act  upon  the  scnsitiFe 
plate,  as  appears  from  the  photographs  in  tige.  2  and  3.  At 
some  fntnre  date  I  shall  describe  experiments  which  seem  to 
be  a  strong  proof  that  phosphorescence  produced  by  electric*! 
discharges  depends  on  the  temperature  and  only  in  so  far  on 
quantity  of  the  discharge  and  on  the  vacuum,  as  the  tempers- 
ture  of  the  discharge  depends  on  them.  The  investigations  of 
Crookes,  Goldstein,  and  others  lead  to  the  conclusion  that  i 
high  vacuum  with  its  cathode  rays  is  most  favorable  if  nol 
indispensable  to  the  development  of  strong  phosphorescence 
In  my  experiments  a  good  vacuum  (of  about  2"")  gave  no 
phosphorescence  whatever,  whereas  a  poor  vacuan[i  (even  wilt 
as  high  a  pressure  as  100°'"'}  gave  very  strong  phoephoreseence, 
and  that  too  not  only  in  places  where  the  dischar^  struck  the 
walls  of  the  vessel  but  als.j  in  places  wliich  were  far  away  from 
the  discharge.  Presently  I  shall  describe  an  experiment  wliidi 
shows  that  the  cas  as  well  as  the  glass  becomes  strongly  plo*- 
phorescent.  My  observations  cannot,  therefore,  be  well  recou- 
eiled  to  those  of  Crooks,  Goldstein,  etc.,  unlese  the  cathode 
rays  be  supposed  to  be  very  thin  and  very  hot  diecharet 
filaments.  I  have  several  experimental  facts  which  sjieakin 
favor  of  this  hypothesis,  bnt  a  discussion  of  them  would  lead 
me  hcyond  the  limits  of  this  papei 
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re.  These  photographs  belong  to  my  collection  of  photo- 
aphs  of  corona-like  vacuum  discharges,  an  account-  of  which 
expect  to  give  at  some  future  time. 

The  question  arose  then,  naturally,  what  is  the  cause  of  this 
pulsion  ?  Electrostatic  action  suggested  itself  first,  of  course. 
it  various  observations  which  I  made  during  my  investiga- 
ms  on  vacuum  discharges  made  me  favor  another  view,  the 
3w  namely  that  the  repulsive  force  between  vacuum  dis- 
arge  streamers  is  due  to  a  strain  in  the  vacuum  produced  by 
e  peculiar  distribution  of  the  gas  pressure  resulting  from  the 
culiar  distribution  of  temperature.  If  this  view  is  correct 
en  there  should  be  no  action  between  two  vacuum  streamers 
ssing  in  two  separated  vacua.  This  suggested  the  following 
periment : 

Investigate  the  action  of  two  discharge  streamers  upon  each 
her  when  two  separate  discharge  reservoirs  are  employed, 
g.  6,  represents  tne  apparatus  (with  its  dimensions  in  cm. 


1^-10,5— V. 


ftrked),  containing  one  of  the  reservoirs,  two  of  which  were 
aced  side  by  side  in  the  experiment.  The  bore  of  the  capil- 
ry  tubes  ^,  c,  rf,  f^  was  about  1*5™™.  The  bulbs  AB  were 
ated  with  tinfoil  and  the  whole  arrangement  was  the  same  as 
tfie  experiments  with  the  apparatus  given  in  fig.  1.  The 
'o  apparatus  communicated  with  each  other  by  means  of  a 
)pcock,  so  that  the  pressure  was  the  same  in  each.  The  dis- 
arge  in  one  apparatus  did  not  influence  the  discharge  in  the 
her,  no  matter  what  the  pressure  was,  up  to  the  limit  at 
rich  I  could  still  obtain  a  discharge,  which  was  about  60"'"'. 
xyaa  this  I  conclude  that  the  repulsion  which  1  observed  in 
e  previous  experiments  was  probably  not  due  to  electrostatic 
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action.  The  probability  of  the  correctness  of  the  9ther  view 
18  therefore  conBiderablv  strengthened. 

The  apparatus  for  this  experiment  was  constructed  with  two 
other  objects  in  view,  which  onght  to  be  mentioned  here. 

1st,  To  locate  the  phosphorescence.  In  this  I  was  (jnite  suc- 
cessful. It  surrounded  tlie  hottest  parts  of  the  dischai^,  and 
therefore  it  was  most  intense  in  the  narrow  parts  of  the  appa- 
ratus. Within  the  reservoir  it  extended  from  cto  d  in  form 
of  something  like  an  ellipsoid  of  revolution,  with  the  extremi- 
ties of  its  longest  axis  at  c  and  d,  and  at  times  this  ellipsoid 
did  not  till  out  the  reservoir  at  all,  which  proves  that  llie 
phosphorescent  light  in  this  part  of  the  apparatus  is  dne  to  the 
phosphorescence  of  the  rarehed  air  and  not  to  the  phospho- 
rescence of  the  glass,  although  in  the  narrower  parts  of  the 
apparatus  where  the  hot  discnarge  was  ver^  near  toe  glass  the 
glass  was  also  phosphorescent. 

2d.  To  study  what  I  call  the  ramification  of  the  dtscharfce. 
As  soon  as  the  i)ressure  reached  a  certain  limit  the  luminoeitv 
in  the  bulbs  (which  at  low  pressures  was  more  or  less  nnifonnl; 
diffused  throughout  the  bulbs)  became  streaked,  and  at  etill 
higher  pressures  tlie  whole  discharge  in  its  path  through  the 
bulbs  divided  itself  into  a  number  of  distinct  streamers,  the 
number  of  streamers  diminishing  with  the  increase  of  pres- 
sure; given  pressures  produced  invariably  the  same  number 
of  streamers.  In  this  experiment  I  did  not  succeed  in  rednc- 
ing  the  number  of  these  streamers  to  less  than  two.  The 
streamers  rotated  more  or  less  uniformly  in  one  direction  or 
the  other.  The  angular  velocity  of  rotation  seemed  to  increase 
considerably  with  the  current  of  the  discharge. 

An  exhausted  glass  bulb  without  electrodes  when  brought 
into  the  vicinity  of  these  discharges  emits  a  faint  yellowish 
light  which  looks  very  much  like  the  light  of  some  forms  of  the 
"i  soeiiir^  tn   remain    perFectb 
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S^XXIII. — On  a  Melilitehearing  Rock  {Alnoite)  from 
Anne  de  Bdlevue  near  Montreal^  Canada;  by  Frank 

V.DAMS. 

he  extreme  southwest  corner  of  the  Island  of  Montreal 
out  twenty  miles  from  the  city  of  the  same  name,  is  the 
of  Ste.  Anne,  sometimes  called  Ste.  Anne  de  Bellevue 
inguish  it  from  a  number  of  other  places  of  the  same 
in  the  Province  of  Quebec.  Here  both  the  Grand 
and  Canadian  Pacific  Railways  cross  the  Ottawa  river 
dges  but  a  few  yards  apart,  while  under  these  and 
►'  in  front  of  the  village  is  a  short  canal  constructed  to 
the  rapids  which  impede  navigation  at  this  point.  Ow- 
the  dimculty  of  navigating  the  Ottawa  below  this  canal 
times  of  very  low  water,  it  was  decided  to  remove  a 
)f  rock  in  the  river  bed  opposite  the  lower  end  of  the 
of  Ste.  Anne,  and  in  this  way  to  open  up  communica- 
ith  a  deeper  channel  on  the  opposite  side  of  the  river, 
summer  of  1877  accordingly  the  Dominion  Government 
wrn  cofferdams  and  having  laid  the  bed  of  the  river  bare 
point  blasted  out  the  obstruction. 

fe  this  work  was  in  progress,  the  locality  was  visited  by 
J.  Harrington,  at  that  time  connected  with  the  Geolog- 
rvey  of  Canada,  who  found  the  bed  of  the  river  to  be 
;ed  of  well  bedded  sandstones  and  conglomerates  of 
m  age  dipping  to  the  south  at  an  angle  of  3^  to  4  de- 
cut  through  by  a  nearly  vertical  dike  three  feet  thick 
ining  N.  20°  W.  At  one  point  a  branch  was  observed 
g  off  from  the  larger  dike.  Much  of  the  rock  was 
jT  decomposed  but  a  number  of  comparatively  fresh 
ens  were  obtained  and  notes  on  the  mode  of  occurrence 
dike  were  published  by  Dr.  Harrington  in  the  Report 
Geological  Survey  of  Canada  for  1877-78,  page  89  G, 
o  in  the  Canadian  Naturalist,  vol.  ix,  p.  253. 
rock  however  was  fine  grained  and  for  the  most  part 
decomposed,  so  that  its  true  character  was  not  recog- 
mtil  the  discovery  by  Tornebohm  in  1882  of  a  melilite- 
f  rock  which  he  termed  a  melilite  basalt*  on  the  Island 
o  in  Sweden,  which  rock  in  h<and  specimens  so  closely 
led  that  from  Ste.  Anne,  that  Prof.  Rosenbusch  of 
berg  to  whom  a  specimen  of  the  latter  had  been  given 
i  to  carefully  reexamine  the  sections  of  it  for  melilite. 
two  crystals  of  this  mineral  found  in  one  of  the  sec- 

.  Tornebohm :    MelilitbaBalt  fran  Alno,  Geol.  Foren.  i.  Stockholm  Forh., 
240. 
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tions  served  to  indicate  the  relationship  of  the  rock  although 
in  this  particnlar  specimen  the  inelitite  had  been  almwi 
entirely  deBtroyed  by  decomposition.  This  rock  was  therefore 
in  the  last  edition  of  Prof,  Rosenbnsch  "  Maeeigen  Gesteine." 
page  S09,  classed  with  that  from  Alno  as  Alnoite,  a  dike  rock 
corresponding  to  mclilite  basalt  among  the  effusive  rockc. 
As  a  new  occurrence  of  a  rare  and  carious  rock  it  seemed 
worthy  of  careful  study,  the  more  so  as  it  is,  so  far  as  I  am 
aware,  the  firet  inelilite  rock  that  has  been  found  on  this  conti- 
nent. 

The  locality  has  therefore  been  revisited  and  a  number  of 
specimens  of  the  fresh  rock  obtained  from  several  large  blocks 
which  were  thrown  out  on  the  slopes  of  the  cribwork  defining 
the  channel.  The  dike  itself  of  course  cannot  be  seen,  as  it 
lies  in  the  bed  of  the  river  and  is  vow  nnder  several  feet  of 
water  and  but  little  fresh  material  can  be  obtained  even  from 
the  blocks,  as  these  are  for  the  most  part  much  decomposed. 
The  strike  of  the  dike  would  carry  it  through  the  village  of 
Ste.  Anne,  but  although  the  Potsdam  sandstone  is  exposed  in 
a  namber  of  places  in  the  village  no  trace  of  the  dike  conld 
be  found,  nor  could  any  similar  rock  be  found  elsewhere  in 
the  vicinity. 

The  rock  lias  a  line  grained  grayish-black  groandmasa 
through  which  are  usually  distributed  large  phenocrysts  of 
biotite,  olivine  generally  of  a  bright  red  color  but  sometimes 
green  and  black  pyroxene.  These  are  generally  plentiful  and 
sometimes  so  abundant  as  to  constitute  the  greater  part  of  the 
rock,  giving  it  a  very  striking  appearance.  Some  of  the 
rock  is  almost  free  from  these  ^enoerysts  and  consists  of  the 
fine  grained  groundmass  alone,  which  in  such  cases  is  almost 
invariably  much  decomposed.  It  was  impossible  to  ascertain 
whether  this  variety  of  the  rock  is  confined  to  any  particular 
i>»rt   of    tjic    dike.       The   plionncrvPts    soiiictimes    iima^iin'  ^ir 
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)  also  present  in  small  amount  and  can  be  separated  from 
K>wdered  rock  by  means  of  a  magnet.  Apatite  as  well  as 
nrskite,  which  is  so  constantly  associated  with  melilite,  is 
i  in  small  amount  in  all  the  sections,  while  a  little  nephe- 
18  probably  present  intimately  associated  with  the  melilite. 
ough  some  thirty-five  thin  sections  have  been  prepared 
carefully  studied,  no  feldspar  could  be  detected  as  a  con- 
ent  of  the  rock.  Curious  angular  fragments  of  a  rather 
>ely  crystalline  rock,  composed  in  some  cases  almost  en- 
jr  of  plagioclase  and  in  other  cases  of  a  granite  or  gneiss 
not  uncommon  as  inclusions.  These  are  bounded  bv 
)U8  little  contact  zones  and  are  evidently  fragments  of  wall 

which  have  been  brought  up  by  the  molten  rock  proba- 
from  the  underlying  Laurentian.  Cavities,  partially  or 
pletely  filled  with  secondary  minerals  are  also  of  frequent 
rrence.  The  specific  gravity  of  three  average  specimens 
lie  rock  was  found  to  be  as  follows  :  3  020,  3-013,  2*955. 
>r  an  analysis  of  the  rock  I  am  indebted  to  Mr.  P.  H.  Le 
lignol  of  this  University.     In  order  to  obtain  as  far  as  pos- 

an  average,  a  large  number  of  fragments  were  broKen 
I  a  series  of  the  freshest  hand  specimens,  and  having  been 
ced  to  powder  the  whole  was  carefully  mixed  together 
a  portifn  taken  for  analysis.  The  resufts  of  the  aSveie 
lis  Alnoite  from  Ste.  Anne  are  given  under  I  below,  while 
}T  II  the  analysis  of  the  melilite  basalt  from  Hochbohl  is 
oduced  from  Prof.  Stelzner's  paper*  for  purposes  of  com- 
K)n.  No  analysis  of  the  rock  from  Alno  has  as  yet  been 
ished. 

T.  II. 

SiO, 35-01  33-80 

TiO    0-23  0-64 

A1,0, 11-51  0-03 

Fe,0, 2-35  15-63 

FeO 5-38  

CaO 13-67  15-10 

MgO 17-54  16-14 

K,0    2-87 

Na,0 1-75  2-86 

P.O notdet.  1-41 


Cb/.... (  1-41 

H,0 (     ^*"  2-00 

100-51  100-00 


he  large  amount  of  water  and  carbonic  acid  present  in  the 
shows  that  even  the  freshest  specimens  have  undergone 

Ueber  Melilith  und  Melilithbasaltc,"  Ncues  Jahrbuch  fur  Mineralogic,  etc., 
BeU.  Bd.  II.  398. 


272  F.  D.  Adams — MeliliUbearing  Rock. 

very  conBiderable  alteration.  The  comparatively  lar^  per- 
centa^  of  potaeh  in  tlie  Canadian  rock  ie  probabi;  derived 
principally  from  tlie  biotite  which  ie  present  in  lai^  amoaot, 
while  the  Hochbolil  basalt  is  nearly  free  from  it.  Thifi  bio- 
tite which  is  of  a  rich  brown  color  occurs  in  individnals  which 
although  occasionally  presenting  a  good  crystalline  form  ue 
usually  irregular  in  eliape.  The  basal  sections  are  black  or 
nearly  so  between  crossed  nicols  and  in  convergent  light  showa 
cross,  the  arms  of  which  separate  somewhat  when  the  section  k 
revolved,  indicating  that  the  mineral  is  biaxial  with  a  Email 
axial  angle.  The  lateral  sections  show  the  usual  eminent  ba^ 
cleavage  with  parallel  extinction  and  a  strong  pleochroiem,  pale 
yellow  sometimes  nearly  colorless,  to  deep  yellowish  brown. 
When  a  percussion  ligiire  is  obtained  and  the  optical  orienta- 
tion of  the  mica  studied  it  is  found  to  be  different  from  that  of 
ordinary  biotite  and  like  the  mica  in  the  Alno  rock,*  to  belong 
to  Tschermak's  first  series.     It  is  therefore  anomite. 

Around  the  biotite  phenoerysts  a  narrow  zone  somewhat 
deeper  in  color  but  similarly  orientated  ia  often  seen.  It  is 
distmguished  from  th)3  inner  portion  of  the  crystal,  not  only 
by  its  color,  but  frequently  also  by  the  presence  of  minute 
inclusions,  for  the  most  part  little  pyroxenes  like  those  of  the 
groundmass,  which  are  wanting  m  the  inner  portion.  This 
zone  is  sharply  defined  against  the  inner  portion  and  is  fre- 
quently seen  to  build  out  the  more  or  less  rounded  core  into  a 
more  iwrfect  crystalline  form.  The  outer  edge,  although  fre- 
quently minuteiy  serrated,  displays  crystalline  outlines.  There 
has  evidently  been,  first  a  separation  of  biotite  in  large  pheno- 
erysts, followed  by  a  partial  re-absorption  and  then  a  second 
crystallization  of  biotite,  occurring  partly  in  the  form  of  zones 
a1x>ut  tlie  remnants  of  the  biotitcs  of  the  first  generation  and 
partly  as  smaller  individuals  both  in  the  form  of  phenoerysts 
-■■  '  --1  tlie  KniuTid  ma^^.     The  biotite  <A  tlie  first '■■-  ■ 
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Prof.  B.  J.  Harrington.*  An  analysis  of  the  olivine  from  the 
Hochbohl  Melilite  Basalt,  II,  made  by  Mr.  Meyer  is  reproduced 
from  Prof.  Stelzner's  paper  for  comparison.  The  olivine  from 
the  Ste.  Anne  rock  is  seen  to  be  a  variety  much  richer  in  mag- 
nesia and  poorer  in  iron  than  that  of  the  rock  from  Hochbohl. 

I.  II. 

SiO     38-560  41-90 

MgO 44-369  28-48 

FeO     12-649  29*16 

Fe,0, 1-361                    

MnO 0-112                   

H,0  (ign.) 2914                   

99-965  99-54 

The  oxide  of  manganese  contains  a  little  oxide  of  cobalt. 
The  olivine  is  remarkable  however  chiefly  on  account  of  the 
■  very  peculiar  character  of  the  alteration  which  it  has  under- 
gone. The  product  of  this  alteration  is  in  some  cases  the  usual 
decomposition  product  serpentine,  but  in  other  cases  a  highly 
ferriferous  magnesite  (Breunerite).  These  minerals  sometimes 
occur  separately,  one  olivine  crystal  being  altered  to  serpentine 
while  another  near  it  is  changed  to  magnesite  but  tliey  are 
more  usually  found  together  as  alteration  products  of  the  same 
olivine  individual.  The  serpentine  is  green  in  color  and  is 
developed  as  usual  along  cracfcs  and  cleavage  lines  often  extend- 
ing inward  from  these,  a  perfect  pseudomorph  being  finally 
produced.  The  magnesite  occurs  as  a  cryptocrystalline  or  very 
line  microcrystalline  aggregate  also  working  its  way  into  the 
olivine  along  the  cracks  and  cleavage  lines  or  else  eating  its 
way  in  from  the  exterior  of  the  crystal  in  masses  having  a 
peculiar  scalloped  outline.  When  developed  as  a  narrow  edg- 
mg  along  cracks,  it  is  seen  to  have  a  somewhat  fibrous  structure 
in  a  direction  at  right  angles  to  the  crack  but  the  fibers  are 
not  arranged  in  a  sufliciently  parallel  position  to  afford  a  domi- 
nant extinction.  When  occurring  in  larger  grains  the  fibrous 
structure  is  not  seen  and  the  mineral  becomes  compact,  often 
indicating  however  by  its  structure  the  position  of  the  cracks 
in  the  olivine  along  which  it  was  developed,  just  as  serpentine 
usually  does.  Occasionally  it  shows  a  very  imperfect  spherulitic 
structure.  It  is  transparent  to  translucent  in  thin  sections,  and 
although  the  individuals  are  minute  is  seen  to  have  a  high 
index  of  refraction  and  strong  double  refraction.  By  reflected 
light  it  has  a  dull  white  or  yellowish  white  color. 

•B.  J.  Harrington:   "On  the  occurrence  of  Olivine  in  Cunada,''  Rei)ort  of  the 
Geolojrical  Survey  of  Canada,  1877-78,  page  39  G. 
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When  thin  sections  are  treated  with  cold  diluted  hydrochlo- 
ric acid  the  tnagnesite  remains  unaltered,  even  cold  concentrated 
hydrochloric  acid  does  not  dissolve  it.  When  however  the  acid 
is  wanned  the  greater  number  of  the  magneeite  pseadomorphs 
are  completely  dissolved,  others  however,  are  only  partially  dis- 
solved, or  are  dissolved  only  in  certain  places,  owing  apparently 
to  the  fact  that  in  these  cases  the  alteration  into  ma^nesite  is  Dot 
yet  complete  or  is  complete  only  in  certain  parts  of  the  psendo- 
morph.  By  carefully  searching  a  large  nnmber  of  hand  speci- 
mens it  was  found  to  be  possible  to  obtain  a  suSicient  amoant 
of  the  magnesite  apparently  cjuite  pure,  to  enable  its  blowpipe 
characters  to  be  determined  and  also  for  chemical  analysis 
Before  the  blowpipe  it  decrepitates  somewhat  and  blacbeDS  but 
does  not  fuse  even  on  the  thin  edges.  After  ignition  it  shows 
an  alkaline  reaction  with  turmeric  paper  and  in  its  other  blow- 
pipe reactions,  which  it  is  uimecessary  here  to  detail,  agrees  with 
magnesite.  A  small  fragment  placed  in  cold  concentrated 
hydrochloric  acid  gives  off  a  few  minute  bubbles  bnt  goes  into 
solution  only  with  extreme  slowness.  The  specific  gravity  of 
four  little  fragments  was  taken  by  the  aid  of  Thoulet^  solution 
and  a  Westphal's  balance  and  was  found  to  range  from  8*06^ 
to  3-072  at  19-0°  C. 

The  following  analysis  of  the  apparently  pure  material  re- 
ferred to  above,  dried  in  vacuo  over  sulphuric  acid,  was  kindly 
made  for  me  by  Dr.  B.  J.  Harrington, 

MgO 32-68 

CaO 0-98 

FeO 16-24 

CO, 44-61 

SiO,  -._ 3-3fl 

H,0 _ 213 
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'When  both  serpentine  and  magneeite  are  present  as  altera- 
tion prodncte  in  the  same  olivine  individual  their  boundaries 
against  one  another  are  sharply  defined  and  the  two  minerals 
do  not  occur  mixed  together.  The  ma^tiesite  seems  to  have 
been  formed  before  the  serpentine,  as  it  frequently  occupies 
the  outer  part  of  the  crystal  while  the  inner  portion  is  altered 
to  serpentine.  In  these  cases  the  alteration  to  magneeite 
appears  to  have  gone  on  to  a  certain  point  and  then  ceased, 
while  the  rest  of  the  olivine  was  subsetiucntly  altered  to  ser- 
pentine in  the  usual  manner.  Two  of  these  altered  olivine  crys- 
tals are  represented  in  the  accompanying  figure  (tig.  1),  In  one 
of  them  magnesite  alone  is  present 
as  a  decomposition  product,  while 
the  other  is  altered  to  magnesite  and 
serpentine. 

It  is  believed  that  this  peculiar 
alteration  of  olivine  has  not  been 
hitherto  observed.  A  very  similar 
if  not  identical  alteration  product, 
however,  is  seen  in  the  olivine  occur- 
ring in  certain  fine  grained  ncphe- 
line-bearing  dykes  from  the  Mon- 
treal mountain,  and  in  Sagvandite*  p,j,  ,  „,„,„„„„ 
we  probably  have  a  somewhat  similar  i,ia|^plt'r(7iipi'j'icraiid''to"n«g" 
alteration  of  bronzite  to  magnesite.       iiesiie  und  Bcrpoutine  (veriienl 

Pyroxene.— Th^  pyroxene  which     """f?  J'*'?.  ^'''"*  ''"^^''  "™ 
.         •'         r      '■,  y^ ,        J      .  viQaliered  olivine. 

IS  one  of   the  most  abundant  con- 

stitaents  in  the  rock  is  also  in  many  respects  remarkable.  Two 
varieties  are  present,  one  forming  the  largo  phenocrysts  and  the 
other  occurring  very  abnndantly  in  the  groundmass.  The 
phenocrysts  which,  as  mentioned  above,  are  often  very  large, 
are  asuaJly  well  crystallized  but  sometimes  have  more  or  less 
ronnded  forms.  The  mineral  is  fresh  and  unaltered  even  when 
the  other  constituents  have  undergone  considerable  decomposi- 
tion even  where  cavities  filled  with  secondary  minerals  have 
eaten  their  way  into  its  substance  the  pyroxene  around  tlieir 
border  is  quite  fresh.  When  crystallized,  basal  sections  pre- 
sent eight  sided  forms  showing  a  development  of  both  pris- 
matic and  pinacoidal  forms,  with  good  cleavage  parallel  to  the 
former  and  extinction  parallel  to  the  latter.  It  is  monoclinic 
and  the  maximum  extinction  observed  in  the  zone  of  the  ortho- 
pinacoid  and  clinopinacoid  was  42.°  It  is  colorless  and  never 
shows  more  than  mere  traces  of  pleocliroisni,  it  lias  liowever  a 
strong  dispersion  of  the  bisectrices  so  that  when  a  thin  section 
is  revolved  between  crossed  nicols  until  the  point  of  maxi- 
•  H.  RosenbuBch :     "  Deber  den  Sagvandite,"  Seuea  Jahrbiich  fiir  Mineralogie, 
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mnm  darkness  ia  reached  a  eli^ht  revolatioD  of  the  etagein  one 
direction  will  cause  the  pyroxene  to  asenme  a  Jight  brown  tint, 
while  a  movement  of  a  few  degrees  in  the  reverse  directioa 
will  cause  it  to  appear  of  a  gravish-blne  color,  the  section  never 
becoming  black  and  tlio  contrast  of  color  often  being  very 
marked. 

This  same  dispersion  is  seen  in  the  pyroxene  occurring  in 
the  alnoite  from  Alni'i,  in  the  melilite  basalt  from  HochbobI, 
as  well  as  in  manj  of  the  nepheline  bearing  rocks  found  in  the 
vicinity  of  Montreal.  It  is  believed  to  be  a  variety  containing 
a  considerable  amount  of  titanic  acid  but  it  has  not  as  yet  been 
analyzed.  Almost  every  one  of  the  larger  phenocrysts  has  a 
narrow  border  or  zone,  well  defined  against  the  inner  core,  bnt 
differing  from  it  both  in  color  and  angle  of  extinction.  This 
zone,  which  can  sometimes  be  seen  even  in  hand  specimens,  is 
light  brown  in  color  in  the  thin  sections  and  probably  has 
the  same  composition  as  the  nyroxene  occurring  in  thegroand- 
masa  and  forming  the  smallest  phenocrysts,  which  have  no 
core,  seeing  that  it  resembles  this  in  optical  properties.  This 
zone  has  alarger  extinction  than  the  inner  portion,  the  differ- 
ence frequently  amounting  to  16°  and  even  more.  The  crys- 
talline outline  of  the  pyroxene  phenocrysts  is  frequently  seen 
to  be  much  more  perfect  than  those  of  the  inner  core,  the  let- 
ter often  having  a  distinctly  rounded  form  while  the  former 
present  true  crystalline  outlines.  The  zone  moreover,  althongh 
sharply  defined  against  the  inner  core  along  a  curved  line  fre- 
quently has  a  somewhat  serrated  outer  limit  showing  like  the 
bJotite  many  little  projections  running  out  into  the  groundma^f. 
The  same  phenomenon  is  noted  by  Tomebohm  in  the  pyrox- 
ene in  the  alnoite  from  Alno.  It  would  thus  seem*  that 
the  pyroxene  like  the  biotite  had  first  been  crystallized  oat  as 
^'■■"-   phonocrysts,  that  these  b:i(l  been    partially  reabsorbed 
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lilite. — This  mineral  which  gives  to  the  rock  its  distinc- 
iharacter  is  well  characterized  and  is  quite  abundant  in 
of  the  sections,  while  in  others  it  occurs  more  sparingly, 
round  almost  invaribly  as  flat  tabular  crystals  shortened  m 
irection  of  the  vertical  axis.  Basal  sections  of  these  crys- 
ave  rectangular  or  eight  sided  outlines  and  are  isotropic, 

prismatic  sections  present  lath  shaped  forms  which 
jen  crossed  nicols  show  parallel  extinction.  Sometimes 
ver  the  crystals  are  not  so  flattened  but  have  the  form  of 
stout  prisms  while  frequently  they  are  irregular  in  shape, 
ndividuals  ordinarily  range  in  size  from  •016™'"  to  '046™°* 
ckness  and  from  -07°""  to  -l?""*  in  length.  The  largest  of 
isiderable  number  which  were  measured  was  •46"'°*  by 
°*,  this  however  is  unusually  large.  Tornebohm  says  that 
3  rock  from  Alno  the  melilite  crystals  are  seldom  over  "l"*" 
igth.  The  mineral  is  usually  colorless  but  often  has  a  slight 
listinct  yellowish  tint.  It  has  a  much  higher  index  of 
jtion  than  nepheline  but  the  double  refraction  is  weak, 
olarization  colors  in  good  sections' varying  from  very  dull 
to  bluish  gray.  In  the  lath  shaped  sections  a  basal  cleav- 
stn  often  be  oistinctly  seen  and  in  such  cases  the  extinction 
course  parallel  to  it,  as  it  is  parallel  to  the  sides  of  the  lath 
\A  sections  when  the  cleavage  is  not  seen.  At  right  angles 
B  cleavage  and  therefore  parallel  to  the  vertical  axis,  what 
Qer  has  called  "  peg  structure,"  which  is  so  characteristic 
elilite  is  often  excellently  developed.  This  cleavage  with 
'peg  structure"  at  right  angles  to  it,  when  well  seen  in- 
?8  with  certainty  the  orientation  of  the  melilite  individual 
:he  study  of  a  large  number  of  such  grains  in  slides  pre- 
l  from  several  hand  specimens,  with  the  aid  of  a  gypsum 
jiving  between  crossed  nicols  red  of  the  first  order,  shows 
n  all  cases  the  vertical  axis  is  the  axis  of  greatest  elasticity, 
is  to  say  that  the  mineral  is  negative.  When  both  minerals 
3veloped  in  crystals  giving  lath  shaped  sections,  the  gypsum 

affords  a  ready  means  of  distinguishing  melilite,  from 
eline,  seeing  that  in  the  latter  mineral  the  longer  axis  of 
blong  sections  is  parallel  to  the  vertical  axis, 
basal  sections  the  "  peg  structure  "  appears  as  little  dots, 
melilite  is  often  traversed  by  irregular  cracks  in  addition  to 
asal  cleavage.  The  accompanying  figure  (fig.  2)  drawn  from 
\f  the  thin  sections  of  the  rock,  shows  the  mineral  with 
r  crystalline  outlines  than  it  usually  possesses,  associated 
biotite,  magnetite  and  apatite  and  surrounded  by  a  mass 
ecomposition  products  consisting  of  the  most  part  of 
e. 
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An  attempt  was  made  to  eeptnte 
the  melilite  from  the  groundmaEfiof 
one  of  the  freshest  and  moet  coarse 
grained  BpecimenB  by  meane  of 
lieavy  eolntions  but  it  was  found  to 
be  imposeible  to  do  so,  the  average 
melilite  individa&ls  beini(  too  btdiII 
and  the  mineral  being  impure  od 
account  of  the  presence  of  inclu- 
sions and  decompoeition  prodncU. 
Tlie  melilite  is  well  seen  onlj  io 
sections  of  the  freah  rock,  when  tlie 
rut.  2.  ireiiiiio  si,.nvi»K  -peg  J.^^^  ig  decomposed  to  any  consider- 
Btnictiiro       iiBsociBtcil    with      ,,  .      .    .1  .  1  ■  1       j 

biotitc,  n.«fr.Lftice  ami  ai«,uto.  able  extent  the  mineral  is  replaced 
by  alteration  products  and  no  longer 
easily  recognizable.  When  a  portion  of  the  gronndmasB  if 
finely  powdered  and  boiled  for  a  short  time  with  hydro- 
chloric acid  a  slight  gelatin ization  can  be  observed  enffi- 
cicnt  to  cause  the  powder  to  adhere  to  the  sides  of  the 
tube  but  not  sufficient  to  make  a  jelly.  When  a  section  h 
treated  with  hydrochloric  acid  and  then  with  fadisine  the  meli- 
lite is  seen  to  be  distinctly  stained. 

KepheUne.^-ln  addition  to  the  melilite  and  in  much  smaller 
amount,  there  is  in  inauy  sections  a  clear  colorless  mtDer.il 
occnrriiig  in  little  comers  in  the  groundmass  which  resembles 
the  melilite,  but  seems  to  have  a  much  lower  index  of  refrac- 
tion and  never  shows  "peg  structure."  This  is  probably  1 
little  nephcline,  but  after  carefully  studying  a  large  number  of 
thin  sections  no  positive  proof  on  this  uoini  could  be  obtaiaed 
an  the  mineral  lias  not  a  good  crystalline  form.  The  other 
constituents  of  the  rock  exhibit  no  pecniiarities  deserving  of 
further  mention. 
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This  alDoite  from  Ste.  Anne  dififers  from  the  original  alnoite 
from  Alno,  in  containing  much  more  olivine  and  in  being  free 
from  plagioclase,  a  mineral  which  can  be  frequently  observed 
in  sections  of  the  Alno  rock.  Otherwise  thev  resemble  one 
another  very  closely.  Although  there  is  no  way  of  ascertain- 
ing the  age  of  this  dike  it  is  probably  connected  with  the 
great  volcanic  center  at  Montreal  which  constitutes  the  eleva- 
tion known  as  Mount  Royal,  from  which  the  city  takes  its 
name.  This  is  formed  of  a  theralite,  cut  through  by  a  later 
eruption  of  elseoHte  syenite,  both  rocks  breaking  through  and 
altering  the  Trenton  limestone  of  the  vicinity,  the  whole  being 
traversed  by  several  series  of  dikes,  tinguaites,  bostonites  and 
other  rocks  to  which  a  definite  name  cannot  at  present  be  given 
but  which  probably  originally  held  some  melilite  although  they 
are  now  as  a  general  rule  much  altered.  Dr.  Harrington  has 
been  for  several  years  collecting  material  and  data  for  an  accu- 
rate description  of  the  whole  complex  and  we  hope  before 
long  to  have  the  work  sufficiently  advanced  for  publication. 
The  present  paper  may  be  considered  as  a  first  contribution 
toward  an  accurate  knowledge  of  these  rocks. 

McGill  University,  Montreal. 


Abt.  XXXIV. — On  an  Azure-hlue  Pyroxenic  Rock  from 
the  Middle  Gila^  New  Mexico ;  by  George  P.  Merrill 
and  K.  L.  Packard. 

Among  a  lot  of  ores  and  other  materials  donated  to  the 
Museum  some  months  ago  by  Prof.  J.  H.  Huntington  then  at 
Silver  City,  New  Mexico,  was  a  hand  specimen  of  a  finely 
eaccharoidal  rock  of  a  beautiful  light  azure-blue  color  with 
spots  of  serpentine,  and  which  was  stated  to  have  come  from 
a  point  on  the  Gila  River  some  40  miles  west  of  that  city. 
The  striking  beauty  and  color  of  the  rock  at  once  excited  our 
interest,  and  arrangements  were  made  for  analysis  and  micro- 
scopic study.  Meanwhile  business  called  Mr.  Merrill  to  Silver 
City,  and  while  there  he  took  pains  to  visit  the  locality  and 
learn  for  himself  the  source  and  geologic  character  of  the  rock. 
The  results  of  our  combined  investigations  are  given  in  the 
following  notes. 

In  the  field  the  rock  was  found  to  occur  in  sporadic  nodular 
masses  of  rarely  100  pounds  weight,  imbedded  in  a  granular 
crystalline  serpentinous  limestone  which  in  the  form  of  a  nar- 

Am.  Jour.  Sol— TmBD  Sbries^  Vol.  XLIII,  No.  266.— April,  1893. 
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row,  nearly  vertical  bed,  eoclosed  between  ffranitic  and  basic 
eruptives,  forms  a  continuation  of  the  peculiar  banded  ser- 

entinous  rock  commercially  known  as  rzooliie  and  which  has 
en  put  upon  the  market  as  an  ornamental  stone- 
Under  tlie  microscope,  in  thin  sections,  the  rock  is  seen  to 
consist  wholly  of  short  and  stout  colorless  granular  pyroxenes 
interspersed  with  occasional  small  areas  of  interstitial  calcite. 
H^one  of  the  pyroxenes  show  idiomorphic  forms  but  the 
structure  is  eminently  granular,  the  individual  crystals  varying 
in  size  up  to  1  mm.  in  greatest  length.  Cleavage  is  veiy 
poorly  developed,  but  an  occasional  basal  section  shows  a 
nearly  rectangular  parting  and  gives  a  biaxial  interference 
figure  with  the  optic  axis  lying  in  the  plane  of  symmetry. 
The  blue  color  so  striking  lu  the  hand  specimens  ie  natorally 
quite  lacking  in  the  section,  nor  is  there  evident  pleochroism. 
As  is  often  the  case  with  rocks  of  this  class  a  serpentinons 
alteration  has  set  in  giving  rise  to  a  beautiful  compact  oil-vel- 
low  and  greenish  serpentine  with  the  liberation  of  abunt^t 
free  calcite,  but  so  far  as  observed  no  chalcedonic  or  other 
form  of  free  silica.  The  absence  of  secondary  silica  in  altera- 
tions of  this  kind,  has  been  noted  by  Mr.  ilerrill  in  previnu; 
papers,*  as  in  marked  contrast  with  serpentines  resulting  from 
the  alteration  of  rocks  of  the  peridotite  group  which  are 
nearly  always  traversed  by  strings  and  veins  of  chalcedony. 

A  piece  of  the  blue  rock  free  from  serpentine  was  poker- 
izod,  treated  with  warm  hydrochloric  acid  to  remove  calcite 
and  then  boiled  in  an  alkaline  carbonate.     The  analysis  gave: 

Molecular  rniio. 

SiO, 64-30  -905 

MgO 18-33  -458 

FeO Ill  015 
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Akt.  XXXV. — On  the  Correlation  of  Moraines  with  Raised 
Beaches  of  Lake  Erie  /  by  I^rank  Leverett. 

The  observations  recorded  in  this  paper,  and  its  accompany- 
ing maps,  were  made  for  the  United  States  Geological  Survey 
during  the  field  seasons  of  1889,  1890  and  1891,  and  are  here 
published  by  permission,  in  advance  of  the  official  report  In 
the  prosecution  of  the  work  I  have  had  the  constant  super- 
vision of  Pres.  T.  C.  Chamberlin  to  whose  guidance  in  the 
study  of  the^lacial  phenomena  I  am  greatly  indebted.  I  have 
also  receivea  valuable  suggestions  from  Mr.  G.  K.  Gilbert 
wliich  have  been  of  service  in  the  study  of  the  beach  lines. 

Before  entering  upon  the  discussion  of  the  beaches  and 
their  correlative  moraines  a  few  remarks  are  necessary  as  to 
the  evidences  of  lake^  or  inland  seas  in  the  drift  covered  por- 
tions of  Ohio,  south  of  the  well  defined  beach  lines,  during 
the  closing  stages  of  glaciation.  In  early  publications  on  the 
drift  of  Ohio,  and  also  of  adjacent  States,  glacial  phenomena 
such  as  osars,  kames,  moraines  of  gravelly  constitution,  and 
overwash  gravel  aprons  bordering  moraines,  were  appealed  to 
in  support  of  a  hypothesis  of  submergence  of  the  land  dur- 
ing the  closing  stages  of  the  glacial  epoch,  and  a  recent  publi- 
cation in  this  Journal  includes  with  the  beaches  of  Michigan, 
certain  moraines  and  their  overwash  gravel  aprons.*  That 
such  phenomena  do  not  demand  a  submergence  is  now  quite 
generally  conceded  by  glacialists,  and  in  the  district  in  ques- 
tion they  have  been  found  to  be  independent  of  lacustrine 
conditions. 

Throughout  the  part  of  Ohio  along  and  south  of  the  conti- 
nental watershed,  and  in  northern  Indiana  and  southern  Michi- 
gan where  these  deposits  of  assorted  drift  occur,  the  moraine- 
headed  terraces,  which  follow  the  principal  streams,  show 
clearly  that  the  land  had  such  an  altitude  at  the  time  the  ice 
was  forming  its  moraines  as  to  afford  good  drainage  for  the 
waters  issuing  from  the  ice  margin. 

Instead  of  a  depression  of  the  land  in  the  later  episodes  of 
the  drift  deposition  in  the  eaeteni  Mississippi  basin,  such  as  is 
taught  by  the  early  writers,  there  was  a  greater  altitude  than 
in  the  earlier  stages  This  subject  has  been  tlioroughly  con- 
sidered by  Pres.  Chamberlin  in  a  paper  before  the  A.  A.  A.  S. 
at  the  recent  meeting  in  Washington,  and  his  paper'is  already 
published  in  full  in  the  American  Geologist.f 

♦High  Level  Shores  in  the  region  of  the  Great  Lakes  and  their  Deformation, 
J.  W.  Spencer,  this  Journal,  March,  1891,  pp.  209-10. 

f  The  altitude  of  the  eastern  and  centrad  portions  of  the  United  States  during 
the  Glacial  Period,  T.  C.  Chamberlin,  Am.  Geol.,  Nov,  1891. 
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It  is  a  common  belief  that  when  the  ice-sheet  had  made  its 
final  retreat  to  tlie  slope  north  of  the  continental  watershed  in 
Ohio,  even  though  the  altitude  remained  high,  lakes  would  be 
formed  in  front  of  it  which  would  stand  at  a  higlier  level  than 
the   Ft.  Wayne  outlet,  and  discharge  through  passes   in    the 
water-shed  at  altitudes  as  great  as  350  to  400  feet  above  Lake 
Erie.     Dr.  Newberry  speaks  of  these  passes  as  water-gaps  and 
waste  weirs.*     Prof.  E.  W.  Claypole  has  indorsed  this  view 
and  carried  the  idea  further  by  outlining  on  a  map  several 
theoretical  lakes  on  the  north  slope  of  the  watershed.f     The 
studies  of  the  past  season  do  not,  however,  support  this  map- 
ping.    The  actual  outline  of  the  ice-margin  at  that  stage  in  its 
retreat  is  far  from  coincident  with  Prof.  Claypole's  theoretical 
outline.      It   will   be   seen  from  the  moraines  shown  on  the 
accompanying  map  (fig.  1)  that  as  soon  as  the  ice  had  with- 
drawn from  the  watershed  in  northern  Ohio  it  had  withdrawn 
so  far  in  northwestern  Ohio  that  there  was  adequate  outlet  for 
the   discharge   of  its  waters  past   Ft.  Wayne   down   to   the 
Wabash  river.     This  outlet  being  much  lower  than  the  passes 
on  the  watershed  eastward  from  there,    the   necessity  is  re- 
moved for  the  existence  of  extensive  lakes  at  levels  sufficiently 
high  to  discharge  through  these  passes.     It  is  true  that  quite 
heavy  deposits  of  silt  occur  in  the  Cuyahoga  valley  and  slight 
deposits  in  the  valleys  which  lead  to  Lake  Erie  west  from  that 
valley,  but  theyare  all  of  earlier  date  than  the  latest  of  the 
ice  advances.    While  examining  the  Cuyahoga  valley  I  was 
accompanied  by  Prof.  Claypole  who  recognized,  with  me,  as 
gUicial  the  deposits  that  cap  the  silts  along  the  valley.     The 
glacial  deposits  referred  to   consist  of   till   along  the  greater 
part  of  the  valley,  but  west  of  Akron  they  consist  of  gravel. 
The  till  is  aggregated  in  places  into  morainic  ridges  and  knolls, 
and   the  outer  of  these  ridges  has  an  overwash  gravel  apron 
leading  from  it  across  the  watershed  to  the  Tuscarawas  valley, 
and  that  too  where  there  are  deposits  of  silt  100-200  feet  or 
more  in  thickness  below  both  the  till  and  the  gravel.     This  is 
a  clear  indication  of  the  presence  of  land  ice  in  these  valleys 
subsequent  to  the  deposition  of  the  silts.     The  probable  age 
and  conditions  of  deposition  of  these  silts  constitute  a  question 
of  much  interest,  but  beyond  the  scope  of  this  paper,  since  it 
does  not  pertain  to  the  closing  stages  of  glaciation. 

The  result  of  investigation  has  been  therefore  to  reduce  the 
noteworthy  lakes  connected  with  the  closing  stages  of  glacia- 
tion in  Ohio  to  the  one  bounded  by  the  beach  lines  which  were 
recognized  by  the  Ohio  Geological  Survey. 

«G«ol.  of  Ohio,  vol.  i,  pp.  43-45;  vol.  ii,  pp.  4(5-48,  51-53. 

fLake  Ago  in  Ohio,  E.  W.  Claypole,  Traua.  Kdinb  Geol.  Soc,  1887. 
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Some  years  ago  Ur.  Gilbert  diBCOvered  that  several  of  tlie 
raised  beaches  of  Lake  Erie  do  not  completely  encircle  that 
body  of  water  but  termiDate  in  a  Buccessive  Beries  from  higher 
to  lower  in  paBsing  eaBtward  from  northem  Ohio  to  Eoath- 
weetem  New  York.  The  results  of  his  Btady  are  unpublished, 
hut  thiough  his  kindness  I  have  been  supplied  with  the  princi- 
pal data.  In  explanation  of  the  termination  of  these  bea(^he& 
Mr.  Gilbert  has  entertained  the  theory  that  they  represent 
Bucceseive  positions  of  the  ice-front  in  ite  northeastward  retreat 
across  the  Lake  Erie  basin,  but  has  held  that  the  complete  veri- 
fication of  this  theory  depends  upon  the  occurrence  of  mo- 
raines which  are  demonstrable  correlatives  of  the  lieaeiies. 
Such  moraines  have  now  been  discovered  and  traced  into  con- 
nection with  the  eastern  ends  of  the  three  beaches  which 
tenninate  in  Ohio.  The  glacial  phenomena  in  the  vicinity  uf 
the  termini  of  the  lower  beaches  {in  sonthwestem  New  York) 
have  not  yet  received  attention. 

The  characteristics  and  limitations  of  the  several  stages  of 
the  lake  whose  presence  is  known  by'  these  raised  beaches,  are 
but  partially  determined,  my  investigations  beine  confined  to 
its  south  shore.  The  data  already  obtained  are,  liowever,  be- 
lieved to  be  adequate  to  show  that  the  higher  beaches  are  of 
the  same  age  as  certain  moniines,  and  to  warrant  the  conclu- 
sion that  the  higher  stages  of  the  lake  occurred  as  a  rcsall  of 
the  occupancy  of  the  eastern  portion  of  the  basin  by  the 
retreating  ice-sheet. 

Tlic  facts  I  wiali  to  i)rosent  are  naturally  grouped  under 
three  heads;  (I)  The  Van  Wert  or  upper  beach  and  its  cor- 
relative moraine  the  lilanchard  ridge:  (II)  The  Leipsic  or 
second  beach  and  its  correlative  moraine:  (III)  The  Belmore 
or  third  beach  and  its  correlative  moraine.  The  names  here 
adopted  are  those  suggested  by  Prof.  N.  H.  Winchell,* 
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they  were  inevitably  modeled  at  every  stage  of  the  water's 
lingering.  Four  shore  lines  above  the  present  are  distinguished. 
The  first  marks  a  water  level  at  220  feet,  the  second  at  1 95 
feet,  and  the  third  at  170  feet  above  the  Lake,  while  the  fourth 
records  a  slow  descent  from  90  feet  to  65  or  60. 

West  and  north  of  the  first  beach — that  is,  above  it — the 
Erie  clay  lies  undisturbed,  with  the  rolling  surface  it  received 
from  the  unequal  heaping  of  the  iceberg  loads  of  which  it  is 
largely  composed.  Upon  such  a  surface  the  result  of  shore 
action  could  not  escape  notice,  and  the  evidence  of  its  absence 
is  not  merely  negative  in  its  character.  I  feel  warranted  in 
saying  that  from  the  northwest  corner  of  the  State  to  the  up- 
per beach  (a  horizontal  distance  of  twenty  miles  with  a  fall  of 
200  feet),  the  waters  of  the  glacial  sea  did  not  linger  in  their 
descent. 

The  Upper  Beach  consists  in  this  region  of  a  single  bold 
ridge  of  sand,  pursuing  a  remarkably  straight  course  in  a  north- 
east and  soutliwest  direction,  and  crossing  portions  of  Defiance, 
Williams  and  Fulton  counties.  It  passes  just  west  of  Hicks- 
ville  and  Bryan ;  while  Williams  Centre,  West  Unity  and 
Fayette  are  built  upon  it.  When  Lake  Erie  stood  at  this 
level  it  was  merged  at  the  north  with  Lake  Huron.  Its  south- 
west shore  crossed  Hancock,  Putnam,  Allen  and  Van  Wert 
counties,  and  stretched  northwest,  in  Indiana,  nearly  to  Fort 
Wayne.  The  northwestern  shore  line,  leaving  Ohio  near  the 
south  line  of  Defiance  county,  is  likewise  continued  in  Indiana, 
and  the  two  converge  at  New  Haven,  six  miles  east  of  Fort 
Wayne.  They  do  not,  however,  unite,  but  instead,  become 
parallel,  and  are  continued  as  the  sides  of  a  broad  water-course 
through  which  the  great  Lake  basin  then  discharged  its  sur- 
plus waters  southwestward  into  the  valley  of  the  Wabash  river, 
and  thence  to  the  Mississippi." 

In  so  far  as  it  deals  "witXi  phenomena  the  above  description  is 
graphic  and  valuable  for  our  purpose,  but  the  references  to 

f glacial  seas  and  iceberg  drift  the  author  himself  would  doubt- 
ess  throw  out  were  he  to  revise  his  paper.  Whether  or  not 
this  glacial  lake  was  merged  with  Lake  lluron  at  the  time  this 
beacn  was  forming  is,  I  think,  undetermined,  since  the  moraine 
that  lies  between  it  and  Lake  Erie  has  not,  so  far  as  I  am 
aware,  been  traced  throuj^h  southwestern  Michii^an.  It  is 
quite  possible  that  the  ice-sheet  occupied  the  Lake  lluron  basin 
at  the  time  as  it  is  known  to  have  occupied  the  Lake  Erie 
basin.  In  that  case  the  two  basins  would  not  liave  been  united 
by  lake  water  to  the  extent  suggested  by  Mr.  Gilbert. 

Tracing  the  Van  Wert  ridge  westward  to  the  outlet  from 
its  eastern  terminus  near  Findlay,  we  find  it  passing  through 
the  following  villages  and  cities  in  the  order  named  :  Findlay, 
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Benton  Ridge,  Webster,  Pandora,  Columbus  Grove,  Alnora, 
Delplios,  Middlepoint  and  Van  Wert,  Ohio,  and  tbroneb  Zola 
P.  O.,  Indiana,  to  the  outlet  at  New  Haven,  The  nortn  shore, 
according  to  Mr.  Gilbert's  tracing,  leads  nortbeast  from  Kew 
Haven,  Indiana,  and  passes  jnst  west  of  Hicksville  and  Bryan, 
Obio.  Dr.  J.  W.  Spencer  identifies  it  in  Micbi^n  at  Adriao, 
Ypsilanti  and  Berville.*  It  is  not  improbable,  liowever,  that 
tbis  beach  terminates  before  reaching  Fpsilanti  and  if  so  cor- 
relation should  be  made  there  with  the  second  beach. 

Mr,  Gilbert's  estimate  of  the  height  of  this  beach  is  based 
upon  its  altitude  where  crossed  by  the  L.  S.  &  M.  S.  E.  R 
near  Bryan,t  where  it  is  about  220  feet.  The  altitude  is 
slightly  lower  along  the  south  shore  than  at  Bryan,  as  sIiowe 
by  several  independent  railway  surveys.  It  is  evident,  how- 
ever, from  the  variations  displayed  by  these  surveys  that  ac- 
curate leveling  and  a  critical  study  of  the  beach  with  reference 
to  its  usual  stage  of  water  will  be  required,  before  any  ooncln- 
sions  can  be  drawn  as  to  differential  crnst  movement  betweea 
Findlay  and  Fort  Wayne.  The  beach  here  apparently  stands 
about  210  feet  above  Late  Erie.  In  the  table  given  below, 
the  lower  altitudes  are  slightly  below  the  usual  stage  of  water. 
Ill  Michigan  there  is,  according  to  Dr.  Spencer,  a  marked 
northward  differential  uplift  between  Tpsilanti  and  Berville 

Tahh  of  altitudea  along  tfie  Van  Wert  Ridge.* 

"Tlif  altitude  above  Lake  Erie  is  573  fei;t  above  tide. 

Vol.  vi.  ReoL  oP  Oliio. 
Diet  of  Altitudes. 
Taken  from  proQle. 
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308ite  the  place  where  streams  tributary  to  the  lake  had 
At  debouchxire^  it  is  much  larger,  standing  12-15  feet  above 
\  plains  either  side  of  it  and  having  a  breadth  of  20-40  rods 
even  more. 

The  beach  apparently  terminates  at  a  cemetery  near  the 
ith  bank  of  Blanchard  river  in  the  western  part  of  Findlay. 
is  here  in  the  midst  of  a  plain  that  rises  gradually  toward 
$  north,  the  east  and  the  south,  so  that  the  lake  at  its  eastern 
minus  was  a  mere  point  and  its  waters  quite  shallow.  The 
ich  is  about  as  well  developed  at  its  eastern  terminus  as  it  is, 
the  average,  west  from  there,  so  there  is  no  difficulty  in 
cing  it.  Along  the  north  side  of  Blanchard  river,  west 
►m  Findlay,  no  well  defined  beach  of  corresponding  age  with 
)  Van  Wert  ridge  appears.  It  is  evident  that  the  plain 
tween  the  river  and  the  Blanchard  moraine  was  submerged, 
•  it  is  coated  in  places  with  sand  and  gravel,  and  much  of  it 
IS  low  as  that  between  the  river  and  beach  on  the  south. 
ad  also  sets  in  on  the  outer  (south)  slope  of  the  Blanchard 
»raine,  a  few  miles  west  from  Findlay,  and  reaches  altitudes 
great  as  on  the  beach  south  of  the  river,  but  I  could  trace 
shore  lines. 

The  strength  of  the  beach  at  its  eastern  terminus  raises  the 
picion  that  the  ice  may  have  been  more  remote  when  the 
ncipal  work  was  done  on  the  beach  and  afterwards  re- 
ranced  to  the  position  indicated  by  the  moraine,  for  the 
ter  between  the  beach  and  the  moraine  constituted  a  narrow 
nted  bay  and  as  a  rule  the  beach  following  the  side  of  such 
>ay  is  not  as  strong  as  the  beach  facing  a  broad  sheet  of 
ter.  However  no  conclusive  evidence  of  such  a  re-advance 
the  ice-sheet  was  discovered.  The  phenomena  along  the 
►raine  as  shown  below  seem  to  indicate  that  the  ice-sheet 
^rhung  it  while  the  lake  was  still  occupying  the  Van  Wert 
ich  and  thus  prevented  the  waves  of  the  glacial  lake  from 
.king  their  impress  on  the  moraine. 

l>)  The  Blanchard  Moraine. — The  Blanchard  is  the  latest 
•raine  of  the  series  in  Ohio  that  can  be  traced  around  the 
stern  end  of  Lake  Erie.  Its  course  may  be  seen  on  the 
;ompanying  map  (fig.  1).  Westward  from  Findlay  the 
►raine  is  on  the  whole  a  less  conspicuous  feature  than  east- 
rd  from  that  city,  but  may  be  easily  traced  in  a  curving 
irse  northwestward  to  the  Maumee  just  below  Defiance,  and 
jnce  north  into  Michigan.  The  portion  of  it  west  from 
idlay  was  discovered  and  mapped  by  Mr  Gilbert  more  than 
3nty  years  ago.*  It  is  therefore  one  of  the  earliest  recog- 
ed  moraines  on  this  continent. 

*This  Journal,  May,  1871.  pp.  339-342. 
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The  moraine  rises  and  falls  in  its  conree  across  Ohio  shoving 
bnt  little  dependence  npon  levels,  though  there  is  osnallT  a 

slight  aoutlin-ard  curve  at  the  lowlands  and  a  reentrant  or 
northward  curve  on  the  higlilands  crossed  by  it.  The  follow- 
ing table  of  altitudes  wilf  illustrate  its  great  rang&  It  em- 
braces the  portion  between  the  Manmee  river  and  the  int«Ho- 
bate  tract  in  Geauga  county,  Ohio. 

Table,  of  Akltrulea  along  the  Slanchard  Jitoraine. 


Near  Defiance, 

VW    feet. 

WabBsh  R.  R.  profile. 

Plensaiit  Bend, 

712        ■■ 

T.  St.  L.  t  K.  C.  profile. 

SiiiiiTiiit  S.  (if  I^ipsic, 

780-85     feet 

Bar.  trum  T.  Lcipiic. 

Siinnnit  S.  ut  McOomb, 

T95-800     " 

"      "      McComb. 

Summit  X.  of  Findlay, 

8J  0-860     '■ 

"      '■      Findlav. 

Alvn<lu. 

850 

Geol.  of  Ohio.  voL  ri. 

Sandusky  river  Wiiff, 

830 

Bar.  from  Tiffin. 

Scar  RockaivHv. 

900 

Bar.  rroin  AlticH. 

Auici.  l!.AO.  R.  R., 

9c:i 

Diet  of  Altitudes. 

Soar  Oliicugo  Junction, 

9S0 

Bar.  from  ChictiKO  Junci. 

Near  New  Loud'in, 

1050 

"        "    Sew  London. 

2  mi.  N.  E.  of  Trov  {Sova  P.  0.), 

1182 

Prel-  SniT.  P.  A.  i  W.  H 

LoJi. 

910-325     ■• 

Bai.  from  atation. 

Chatlinm  (1  mi.  N.  of  Center), 

1120 

Bar.  from  Litchfield  Sis. 

Xcar  Meiliua. 

11(10 

'■   P.  A.iW.  R.R- 

Xear  Reui^in'x  CVinierp, 

1200 

"    Medina. 

CtiyiiLugn  river  blnfF, 

950 

■'         ■■    PeninanU. 

Eastern  Cnjiihoftu  and  ivesteru 

Geuuga  Count!  ce. 

1000-1250  " 

■'    varioua  slalioni. 

From  the  iiiterlobate  tract  in  Geauga  county  westward  to  * 
few  miles  beyond  the  meridian  of  Findlay  this  moraine,  in  its 
topographv  and  general  appearance,  is  like  other  moraine^ 
soutli  of  it,  consisting  of  a  broadly  ridged  and  slightly  undu- 
lating tract  of  till  standing  20-40  feet  or  more  above  the  plain 
tionth  of  it.  and  having  a  bread tli  of  lJ-3  miles.     Neartlit 
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while  its  aeigbbors  are  composed  of  clav,  or  a  portion  of  a 
knoll  may  be  sand  and  the  remainder  clay,  the  whole  being 
molded  together  into  a  symmetrical  knoll  like  the  gravel  ana 
till  in  ordinary  kames.  A  few  knolls  contain  gravel  but  as  a 
rule  pebbles  are  rare  and  no  surface  bowlders  or  large  pebbles 
are  observed.  The  clays  are  very  calcareous  and  abound  in 
nodnles  in  nearly  every  exposure.  This  variable  structure 
characterizes  the  superticial  portion  of  the  ridge  only.  At  a 
depth  of  about  15  feet  stony  till  sets  in  which  does  not  difEer 
|)erceptibly  from  that  in  the  portion  of  the  moraine  further 
eiist  which  was  formed  above  the  level  of  the  lake  water. 


Ezplanation  of  Map. — An  attempt  is  miide  to  represent  the  topograph j- graph- 
ickllj,  the  bea^^Iiex  being  indicHted  \>y  steps  or  bcnchts  cut  in  the  plHin,  and  the 
moraiuo  by  cun-ed  lines  rcpreBenting  its  billowr  nod  irregular  Biirfkce,  Tlie  letters 
iodicate  vUtagex  and  cities  as  loliows;  (Rd.)  RidgclaDd ;  (D)  Deahlcr;  (XB.) 
North  Baltimore;  (V)  Van  Bursn;  (S)  Stuartvillo;  (M)  McCoiub:  (Pv.)  Pickcns- 
rille;  (O)  Ottawa;  <(i)  Gilboa;  (CG)  Columbna  Rro%-e;  (P)  Pundom  (Pendleton) ; 
(W)  Webster ;    (R)  Rawson ;  (BR)  Bentoci  Ridge. 

Such  is  the  character  of  the  moraine  for  a  distance  of  ten 
or  twelve  miles.  About  three  miles  northwest  from  Leipsic 
the  Leipsic  or  second  beach  crosses  the  inoniine  and  from 
there  northwestward  the  moraine  has  a  comparatively  smooth 
surface  the  result  of  wave  action  subsequent  to  the  retreat  of 
the  ice. 

The  portion  of  the  moraine  of  especial  interest  is  the  knob 
and  basm  tract,  above  described.     If  my  interpretation  be  cor- 
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lect  this  owes  its  peculiar  toposraphy  and  stroctnre  to  the 
presence  of  lake  water  beneath  tne  icemarf^n.  Tliis  portion 
of  the  moraine  has  an  altitude  bat  slightly  below  the  level  of 


the  Van  Wert  beacli,  conBequently  the  water  was  shallow  and 
incapable  of  buoying  up  the  ice-sheet  and  producing  iceberp. 
Tiie  result  was  what  might  be  anticipated  nnder  snch  coaai- 
tions  of  deposition,  a  variable  structure  prodnced  by  the 
motion  of  waters  uuder  the  edge  of  the  melting  ice-sheet,  ind 
an  uneven  surface  molded  by  the  inequalities  of  it«  base  and 
mar^n.  It  may  be  suggested  that  the  moraine  received  its 
sandy  deposits  from  a  lake  that  covered  it  after  the  ice  had 
retreated.  It  seems  improbable,  however,  that  snch  was  the 
ease,  (1)  because  the  sandy  deposits  are  not  in  the  form  of  a 
beach  nor  in  any  way  connected  with  a  well  defined  beach, 
but  are  in  sharp  knoHg  similar  to  the  clay  knolls  of  the 
moraine  ;  (2)  because  the  sand  in  places  graduates  into  clay  of 
glacial  origin  showing  contemporaneous  deposition  with  it ;  (3) 
because  the  basins  and  depressions  are  so  sharp  and  of  such  a 
form  and  arrangement  as  to  forbid  the  idea  that  the  vare 
action  had  been  long  exerted  on  them  ;  (4)  the  portion  of  the 
moraine  northwestward  from  where  the  Leipsic  beach  crosMs 
affords  a  clear  illustration  of  the  effect  of  an  open  lake  on  the 
moraine,  its  surface  being  smooth  and  its  sand  either  a  uniform 
coating  or  aggregated  into  forms  clearly  referable  to  wave  or 
wind  action.  It  is  fortunate  that  the  lake  in  its  later  stages 
fell  short  a  few  feet  of  reaching  its  earlier  maximum  stage  and 
thus  left  unmodified  a  portion  of  what  appears  to  be  a  lake- 
deposited  moraine.  So  far  as  I  am  aware  no  cases  of  a  moraine 
demonstmbly  formed  in  lake  water  have  been  reported  from 
other  parts  of  the  glaciated  district,  but  it  is  not  improbable 
that  other  instances  will  be  found  when  attention  is  directed 
more  closely  to  this  subject,  if    they  iiavc  not  already 
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r.    The  Leipsic  or  Second  Beach  and  its  Con*elative  Moraine, 

(a)  The  Leipsic  or  Second  Beach, — From  the  meridian  of 
indlay  eastward  to  its  eastern  terminus  at  North  Linndale 
lere  is  no  beach  higher  than  the  Leipsic,  but  from  that  merid- 
n  west  this  beach  stands  second  in  the  series.  Careful  seai'ch 
5tween  Findlay  and  North  Linndale  not  only  failed  to  reveal 
beach  outside  of  this  one,  but  convinced  me  that  no  effective 
ave  action  was  there  exerted,  there  being  present  in  large 
umbers  the  small  knolls  of  till  and  other  irregularities  of  con- 
)or  produced  by  the  s^lacier  which  would  have  been  rendered 
bscure  and  perhaps  effaced  had  there  been  wave  action  on  it 
3r  any  prolonged  period.  Moreover,  no  deposits  of  sand, 
ravel,  or  silt  were  observed  that  could  be  referred  to  lake 
ction. 

Tracing  the  beach  from  its  eastern  terminus  westward  it 
^ads  us  through  the  following  cities  and  tdwns  in  the  order 
amed :  North  Linndale,  Rockport,  Fields  Corners,  La  Porte, 
Carlisle  Center,  South  Amherst,  Axtell,  Berlin  Heights,  east 
►art  of  Norwalk,  Pontiac,  Bellevue,  Lowell,  Tiffin,  Bascom, 
•'ostoria,  Van  Buren,  McComb,  Leipsic,  and  West  Leipsic. 
•'rom  McComb  to  West  Leipsic  the  lake  washed  the  north 
lope  of  the  Blanchard  moraine.  About  three  miles  northwest 
•f  West  Leipsic  the  beach  crosses  the  moraine  and  swings 
outh  following  nearly  the  southwest  or  outer  border  of  the 
aoraine  to  the  Blanchard  river  at  Crawfis  college,  just  below 
rilboa.  From  Blanchard  river  it  is  reported  to  pass  south  of 
irest  leaving  Ottawa  about  three  miles  to  the  north,  but  I  have 
lot  traced  it  beyond  that  stream.  This  beach  is  probably  the 
orrelative  of  Mr.  Gilbert's  second  beach  that  passes  through 
licks ville  and  Bryan,  Ohio. 

Table  of  Altitudes  along  the  Leipsic  Beach. 


stations. 
Torth  Linndale,  C.  C.  C.  &  St.  L.  R. 
lockport,  L.  S.  &  M.  S.  R.  R. 

mUes  E.  of  Shawville. 
Arli^le  Center, 
[uron  County  Infirmary, 
•ontiac,  B.  kO.  R.  R. 
-4  miles  K.  of  Bellevue. 

miles  W.  of  Bellevue. 
Iffin. 

(ascom,  B.  k  0.  R.  R. 
•ostoria,  L.  E.  &  W.  R.  R. 
'an  Buren,  T.  &  S.  R.  R. 
IcComb,  N.  Y.  C.  k  St.  L.  R.  R. 
Vest  Leipsic,     " 

^wfis  College,  F.  Ft.  W.  k  W.  R. 
licksville,  B.  k  0.  R.  R. 
Jryan,  L.  S.  k  M.  S.  R.  B. 
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Tbe  pnncipal  etnbajmenU  id  the  ancient  shore  are  at  Blick, 
Huron  and  Sandnsky  rivers.  At  TermiUion  river  there  wis 
scarcely  any  embayment.  These  embaymente  do  not  owe  their 
existence  to  difEerent  rates  of  erosioa  of  the  shore  under  ware 
action,  but  were  probably  prodnced  by  the  ice-sheet  previoiM 
to  the  occupancy  by  the  lalie,  the  effect  of  the  ice-sheet  being 
to  broaden  the  mouths  of  old  valleys  which  it  entered.  The 
lake  nowhere  cut  hack  its  shore  a  mile,  and  nsnally  bnt  a  few 
rods  while  it  occupied  this  beach,  as  may  be  determined  bv  a 
restoration  of  the  original  slope  on  which  it  was  carved. 

It  is  not  improbable  that  the  terrace  noted  by  Dr.  Spencer 
at  Ypsilanti,  Mtchiean,  should  be  correlated  with  the  second 
heacli  instead  of  witli  the  Van  Wert  ridec,  for  the  next  lower 
beach  observed  by  him  near  that  city  is  below  the  level  of  the 
Leipsic  beach,  the  altitude  being  but  161  feet  above  Lake  Erie 
or  about  the  altitude  of  the  third  or  Belmore  beach  of  north- 
western Ohio.  If  the  Ypsilanti  terrace  proves  to  be  the  cor- 
relative of  the  second  beach  there  is  a  dinerential  uplift  of  iO 
feet  between  Bryan  and  Ypsilanti,  a  distance  of  abont  SOmilec. 

Certain  altitudes  in  the  above  table  will  uo  doabt  raise  tbe 
question  as  to  the  possibility  of  correlatioff  this  beach  with  the 
Van  Wert  ridge.  From  Van  Bnren  to  Bellevue  it  has  appir- 
ently  as  great  an  average  altitude  as  the  Van  Wert  ndge. 
Since  the  stations  included  between  these  towns  have  altitudes 
obtained  from  several  independent  surveys  and  show  eesential 
harmony  it  is  unlikely  that  they  contain  great  errors  or  exag- 
gerations of  the  altitude  of  the  beach.  A  beach  formed  subse- 
quent to  the  retreat  of  the  ice,  as  the  Leipsic  beach  was,  cannot 
he  correlated  with  one  formed  while  the  ice-sheet  still  occupied 
the  Blanchard  moraine.  Beasons  have  already  been  given  for 
considering  the  Van  Wert  ridge  the  correlative  of  the  Blan- 
y' mind  they  hojrl  good  even  though  p 


vyUh  liaised  Beaches  of  Lake  Erie.  298 

cover  the  whole  interval  from  Bellevne  to  Van  Buren  where 

the  table  shows  its  highest  altitude  to  be.* 

The  general  appearance  of  this  beach  is  much  like  that  of 

the  Van  Wert,  tnongh  it  is  on  the  whole  somewhat  stronger. 

Throughout  much  of  its  course  it  stands  6-8  feet  above  the 

plain  north  of  it,  and  in  places  15-20  feet.     In  the  vicinity  of 
V  ermillion  river  and  thence  west  nearly  to  Norwalk,  and  again 

in   the  cape-like  projection  in  the   vicinitv  of  Bellevue  it  is 

qaite  sanay,  but  as  a  rule  it  contains  but  little  sand.  In  pits, 
at  Bascom,  a  village  between  Tiffin  and  Fostoria  where  the 
beach  attains  the  extraordinary  height  of  215  feet  above  Lake 
Erie,  the  gravel  contains  a  remarkably  large  percentage  of  an- 
gular or  but  slightly  worn  pebbles,  and  elsewhere  along  the 
beach  the  roundmg  of  the  pebbles  is  slight  compared  with  that 
in  the  present  beach  of  the  lake.  This  beach,  in  common  with 
the  upper  and  third  beaches,  contains  much  poorly  assorted 
material  and  where  the  deeper  parts  of  the  beach  contain  well 
assorted  gravel,  there  is  usually  a  capping  of  clayey  gravel  two 
feet  or  more  in  thickness  in  whicn  bowlders  are  sometimes 
imbedded.  The  beaches  were  apparently  short  lived  and 
rapidly  formed  otherwise  the  pebbles  would  be  more  water 
worn  and  the  clavey  ingredients  less  conspicuous.  It  is  not 
improbable  that  throughout*  much  of  the  year  the  bordere  of 
the  lake  were  fringed  with  floe  ice  and  the  presence  of  bowl- 
ders in  the  beaches  may  be  due  to  this  agency. 

The  view  that  the  waters  of  the  lake  at  the  time  it  occupied 
these  raised  beaches  were  cold,  seems  sustained  by  the  extreme 
rarity  of  the  remains  of  Molluscan  life  in  its  beaches.  Careful 
observation  and  inquiry  while  on  the  ground  failed  to  bring  to 
light  any  evidence  of  such  life,  but  after  leaving  the  field  I 
was  told  by  a  farmer  who  formerly  lived  on  the  upper  beach  a 
few  miles  east  from  Van  Wert  that  he  had  seen  "  clam  shells" 
in  its  sands.  This  observation  needs  verification,  however,  by 
some  competent  student  before  much  weight  can  be  attached 
to  it,  for  untrained  observers  often  call  the  brachiopod  shells 
of  the  quarries  "clam  shells."  These  beaches  contain  such 
shells  that  were  washed  up  from  the  glacial  drift,  which  in- 
cludes material  derived  from  the  neighboring  rock  formations. 
Since  the  absence  or  scarcity  of  fossils  is  not  always  due  to  the 

*Thi8  portion  of  the  beach  charaotcrizorl  })y  hijrli  altitiuh'S.  is  on  iho  crest  and 
eastern  slope  of  the  "<;incinnati  axis,"  which  leads  from  tlie  Ohio  river  near  (-in- 
cinnati  northerly  across  the  western  part  of  Lake  Krie,  ((Jool.  of  Ohio,  vol.  vi.  map 
opposito  p.  48  )  It  will  l)e  a  <iuestiou  of  some  interest  to  detorniiin?  wlietlior  or 
not  this  coincidence  is  due  to  recent  uplift  of  thi8  axis.  I  have  not  sntViciontly  full 
data  on  the  altitudes  of  lower  bciiches  than  the  Leipsic  to  enable  nic  to  detennine 
whether  or  not  they  also  show  a  riee  in  passing  over  tlie  (.'incinnati  arch.  In  case 
they  do  it  is  to  be  presumed  that  the  arch  has  been  slightly  uplifted  since  the 
beaches  were  formed. 
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original  absence  of  life  bnt  often  to  the  lack  of  conditjons  for 
preservation,  this  evidence  should  be  taken  with  caution. 

Horns  of  elk  and  deer  liave  been  obtained  from  the  Leipsic 
beach  in  the  railway  gravel  pit  near  Crawtia  college  between 
Gilboa  and  Ottawa,  They  were  imbedded  in  uodistnrbed 
beach  gravels  at  a  depth  of  eight  or  nine  feet  below  the  sur- 
face, and  are  therefore  as  old  as  the  beacb  itself. 

As  previously  stated,  the  Leipsic  beach  has  its  terminns  at 
North  Linndale,  The  beach  here  connects  with  the  western  end 
of  a  moraine.     By  reference  to  the  accompanying  map  (fig.  3) 
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rhere  is  ontside  of  these  beach  ridges  a  peculiar  ridge  which 
ippeai's  to  be  a  compromise  between  a  beach  and  a  moraine. 
it  its  western  end,  near  the  inner  bend  of  a  tributary  of  Big 
;reet,  a  mile  or  so  west  of  North  Linn  dale,  it  is  composed  of 
p^vel  and  resembles  in  every  way  the  beaches  just  north  of  it, 
>ut  upon  tracing  it  eastwara  the  gravel  changes  to  till,  giving 
t  the  appearance  of  a  low  glacial  ridge.  This  low  till  ridge 
may  be  traced  through  North  Linndale  to  the  bluff  of  Big 
2reek  near  the  bend  of  that  stream,  and  upon  crossing  the 
creek  we  find  a  much  larger  ridge  of  till,  one  worthy  the 
name  moraine.  This  large  ridge  is  separated  from  the  eastern 
end  of  the  beach  proper  by  the  narrow  valley  of  Big  creek, 
one  fourth  mile  or  less  in  width.  I  was  unable  to  find  beach 
gravel  along  the  inner  (north)  slope  of  the  morainic  ridge 
farther  east  than  the  terminus  of  the  beach  ridge,  but  this 
inner  border  district  is  very  flat  and  its  clays  c(mtam  few  peb- 
bles compared  with  the  clays  of  the  moraine.  These  features 
apparently  indicate  that  the  lake  water  covered  the  tract  north 
of  the  moraine,  either  while  the  ice  overhung  it  or  subse- 
quently. 

From  Newburg  northward  to  the  Garfield  Monument  there 
are  two  terraces  along  the  east  bluff  of  the  Cuyahoga,  which 
may  possibly  be  correlated  with  the  Leipsic  and  Belmore 
beaches.  It  is  however  doubtful  if  the  correlation  of  the 
upper  terrace  with  the  Leipsic  beach  is  legitimate,  since  the 
terrace  stands  slightly  higher  than  the  beach  at  its  eastern 
terminus  in  North  Linndale,  being  210-220  feet  above  Lake 
Erie  as  determined  by  Dr.  Newberry,*  while  the  Leipsic  beach 
is  but  196  feet.  Dr.  Newberry  recognized  the  difficulty  of 
making  this  correlation  and  suggested  that  the  lower  terrace 
which  stands  165-170  feet  above  Lake  Erie,  is  the  correlative 
of  the  upper  beach  at  North  Linndale,  "  since  a  terrace  is  cut 
by  shore  waves  somewhat  below  the  water  level,  while  on  a 
gently  inclined  surface  of  loose  material  the  waves  raise  a 
beach  above  the  water"  (p.  182).  My  examination  of  the 
upper  terrace  failed  to  disclose  beach  deposits  on  it  or  other 
decisive  evidence  that  it  was  occupied  by  the  lake,  but  the 
decision  as  to  whether  or  not  it  is  a  lake  terrace  should  be  left 
to  one  more  familiar  than  I  with  the  various  phases  such  ter- 
races may  present.  Dr.  Newberry  suggests  that  the  upper 
terrace  may  find  its  correlative  west  of  the  Cuyahoga  in  some 
undiscovered  shore  line  south  of  the  Leipsic  beach,  l)ut  since, 
as  previously  stated,  the  districts  south  of  the  beach  do  not 
afford  distinct  evidence  of  any  such  shore  line,  this  view  does 

♦Geol.  of  Ohio,  vol.  i,  pp.  181-182. 
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not  seem  to  be  Eostained.  I  am  inclined  to  correlate  tbe  lover 
of  the  two  terracee,  with  the  Belmore  beach,  sioce  the  altitude 
IB  not   too  great  for  that  stage  of  tbe  lake,  and  to  leave  the 

aoeetion  open  a&  to  whether  or  not  the  lake  extended  back  to 
ic  npper  terrace  at  the  time  it  was  forming  the  Leipeic  beidi. 
That  the  lake  at  the  time  of  the  Leipeic  beach  did  not  extaid 
farther  eant  than  Cleveland  has  been  determined  bv  Mr. 
Gilbert  who  has  given  tlie  beaches  of  the  eastern  end  of  the 
Erie  basin  careful  etndy. 

(J)  Tfte  Correlative  Moraine  of  the  Leipgio  Beach.— T\ii 
moraine  ae  indicated  above  is  traceable  no  farther  west  this 
North  Linndale.  Both  north  and  west  from  there  the  surface, 
aside  from  the  low  beachee,  is  a  monotonone  plain  with  scarcely 
any  undulation.  The  disappearance  of  the  moraine  at  the 
point  where  the  beach  appears,  leaves  little  room  for  donbt 
that  tbe  ice-slieet  here  terminated  in  a  lake  and  that  the  beach 
is  of  glacial  age.  The  portion  of  the  moraine  west  of  tbe 
Cnyahoga  does  not  show  evidence  that  it  was  deposited  mlake 
water,  on  the  contrary  its  structnre  so  far  as  exposed  oppc^es 
BDch  a  theory  of  deposition,  the  mass  of  the  ridge  being  ordi- 
nary till  without  capping  of  sand  or  other  water  depoeita.  But 
since  the  descent  is  rapid  toward  the  Lake  Erie  basin  from  the 
junction  of  the  beacli  and  moraine,  there  was  safficient  depth 
of  water  to  cause  tbe  ice-sheet  to  break  np  into  bergs  at  its 
margin  instead  of  resting  upon  tlie  lake  bottom  and  lormiDe 
soch  a  moraine  as  it  did  in  the  western  Erie  basin  northward 
from  tbe  junction  of  the  Van  Wert  beach  and  Blanchard 
moraine. 

Tracing  the  moraine  eastward  we  find  it  passing  just  soath 
of  the  village  of  Brighton  near  which  it  is  interrupted  by  tbe 
Cnyahogn  valley.  It  reajjpears  on  the  east  side  of  the  river  in 
Nowhnrg  and  is  traceable  from  there  eastward  through  Bandall 

id  AViin-eiisvilk'    In  ihc   C'liatfi-iii   rivpr  below  Chi      
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The  thickness  of  drift  as  shown  by  its  relief  above  border 
Btricts  is  only  20-30  feet,  but  spread  out  as  it  is  over  a  width 
1—2  miles  it  represents  a  vast  accumulation  compared  with 
lat  of  the  correlative  beach.  The  moraine  is  composed  prin- 
pally  of  till,  though  in  places  it  has  gravelly  knolls  (kames). 
ockets  of  gravel  and  sand  occur  in  the  till  and  beds  of 
sorted  material  are  occasionally  interstratified  with  it  In 
lort,  the  moraine  in  its  topography,  range  in  altitude,  bulk 
id  constitution,  is  so  different  from  the  beach  that  the  two 
irmations  cannot  be  confused,  and  yet  there  seems  to  be  no 
neetion  that  the  moraine  of  the  eastern  Erie  basin  has,  in  the 
eetem  Erie  basin,  a  beach  for  its  correlative. 

ZI.   The  Belmorey  or  Third  Beach^  and  its  Correlative  Moraine, 

(a)  The  Bdmore  Bea^h. — This  beach  was  not  traced  con- 
AQOUsly  from  Belmore  to  its  eastern  terminus,  but  standing 
3  it  does  third  in  the  series,  and  having  an  altitude  about  30 
set  below  the  Leipsic  beach,  there  is  but  little  possibility  of 
rror  in  correlation.  From  the  Cuyahoga  river  westward  it 
aeembles  the  Leipsic  beach  so  closely  in  size,  form  and  struc* 
are  that  further  description  seems  unnecessary.  From  Cleve- 
ind  nearly  to  Tiffin  it  is  seldom  more  than  two  miles  from  the 
icipeic  beach,  and  much  of  the  way  but  a  mile  or. less.  From 
ear  Tiffin  to  Belmore  it  is  3-5  miles  north  of  the  Leipsic 
each.  Between  Belmore  and  the  Michigan  line  its  coarse  is 
irectly  away  from  the  Leipsic  beach,  northwesterly,  through 
Udgefand,  '^qw  Bavaria  and  Ayersville  to  the  Maumee  river 
i  Independence,  as  indicated  on  Mr.  Gilbert's  map.* 

Beyond  this  stream  its  course  is  east  of  north  into  Michigan. 
Q  Michigan  it  is  correlated  by  Dr.  Spencer  with  the  Ridge- 
ray  beach  of  that  State.f 

Careful  leveling  will  be  necessary  to  determine  the  amount 
ad  direction  of  deformation,  if  any  has  occurred  along  the 
►hio  portion  of  this  beach,  since  it  was  formed.  The  few 
Ititnaes  obtained  show  the  beach  to  be  between  160  and  170 
3et  above  Lake  Erie.  The  highest  point  known  to  me  is  at 
le  crossing  of  the  C.  C.  C.  &  St.  L.  railway  between  Cleve- 
ind  and  North  Linndale  where  it  is  170  feet,  but  there  may 
e  points  further  west  equally  high.  Dr.  Spencer's  data  indi- 
Ekte  a  northward  rise  in  Michigan,  the  altitude  east  of  Ypsi- 
uiti  being  161  feet,  at  Berville  180  feet,  and  at  Emmett  197 
eet  above  Lake  Erie. 

This  beach  if  my  interpretation  be  correct  is  represented 
ast  of  the  Cuyahoga  by  the  lower  of  the  two  terraces  in  the 

♦GeoL  of  Ohio,  vol.  i,  p.  648.  f  This  Journal,  March,  1891,  p.  207. 
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east  part  of  Cleveland,  previously  mentioned,  which  stands 
about  165  feet  above  Lalie  Erie.  From  Cleveland  eastward 
Mr.  Gilbert  has  (ifiven  the  raised  beaches  of  Lake  Erie  critital 
study  and  finds  no  beaches  there  that  can  be  correlated  with 
the  Leipsic  and  Belmore  beaches.  Before  diBcussing  farther 
the  termination  of  this  beach,  it  will  be  profitable  to  conrider 
its  correlative  moraine. 

(6)  Correlative  Moraine  of  the  Belmore  Beach. — There  is 
along  the  south  border  of  the  Lake  Erie  baein  from  the  easten 
end  of  the  lake,  nearly  to  Cleveland,  a  well  defined  moraine 
which  lies  nowhere  more  than  eight  miles,  and  in  places  but 
two  or  three  miles,  from  the  present  sliore  of  the  late.  It 
lies  alone  the  escarpment  south  of  the  lake,  and  occupies  a 
belt  a  mile  or  more  in  width.  Its  inner  border  comes  down  to 
within  250-300  feet  of  the  level  of  the  lake,  aiid  is  nsuallj 
less  than  100  feet  above  the  highest  of  the  raised  beaches  in 
that  part  of  the  lake  basin.  Its  outer  border  varies  greatly  in 
altitude  on  accoant  of  the  form  of  the  escarpment  along 
which  it  lies.  In  sonthwestern  New  York  and  northwestern 
Pennsylvania  where  the  escarpment  is  abrupt  it  reaches  alti- 
tudes nearly  1000  feet  above  Lake  Erie,  but  in  northeast«in 
Ohio  the  outer  border  is  hnt  little  ahove  tViD  mnrr.  T  hsvp 
examined  the  moraine  no  farthL-r  ■.M>t  lliuii  Lake  Chatitawjua  . 
in  southwestern  New  York.  From  Lake  Chautauqua  west- 
ward to  Painesville,  Ohio,  some  30  miles  east  from  Cleveland, 
the  moraine  exhibits  considerable  strength.  It  has  a  nearly 
continuous  main  ridge,  on  whose  slopes  and  Iwrders  knolls  are 
disposed  in  morainic  fashion.  From  the  vicinity  of  Paino- 
ville  weetward^ylsterminuB  the  moraine  is  much  weaker,  ll 
seldom  has  a^^Hftflflned  crest  but  consists  of  low  knoUj, 
isolated  or  i^^^^^Kaiuong  which  are  <piito  extensive  u 
plane  tracts. ^^^^Hrai no  is  traceable  westward  to  £|K 
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Parts  of  this  moraine  have  been  classed  with  the  beaches  by 
ly  writers.*  This  confusion  appears  to  have  arisen  mainly 
•m  the  imperfect  knowledge  of  the  phases  of  structure 
ich  a  moraine  may  jjresent,  especially  in  its  gravelly  and 
idy  portions,  though  in  one  of  the  instances  above  cited  a 
till  ridge  is  called  a  beach.     In  the  profile  section  from 

:e  Erie  to  Grand  river  (Geol.  of  Ohio,  vol.  ii,  p.  62)  the 
ithernmost  of  the  four  ridges,  there  shown,  is  this  moraine. 
e  highest  beach  is  there  about  150  feet  above  Lake  Erie 
lile  the  moraine  is  260  feet  The  beaches  are  narrow  ridges 
ly  a  few  rods  in  width,  while  the  moraine  has  a  width  of 
e-half  mile  or  more.  The  beaches  are  composed  of  sand 
i  assorted  material,  the  moraine  of  till,  with  occasional  de- 
lopments  of  gravelly  knolls.  In  places  in  Ashtabula  county 
3  moraine  and  beach  are  closely  associated,  and  beach  sand 
pears  on  the  moraine,  but  through  much  of  its  course  in 
ihtabula  county  as  well  as  elsewhere  the  moraine  is  quite  dis- 
ict  from  the  beach  and  free  from  such  deposits.  Sand  occa- 
nally  caps  the  moraine  in  places  where  it  was  not  encroached 
on  by  the  beach,  and  that  too  at  higher  altitudes  than  por- 
ns  not  thus  coated.  In  such  cases  it  may  have  been  drifted 
ck  from  the  shore  by  the  wind.  Some  of  it  may  however 
ve  been  deposited  by  waters  attending  the  melting  of  the 
i-sheet,  and  be  similar  in  origin  to  kames,  rather  than  to 
nee  or  beaches. 

The  Belmore  beach  has  not  been  traced  into  close  connection 
th  this  moraine,  but  if  we  consider  the  lower  terrace  in  East 
eveland  its  correlative,  the  gap  is  nearly  filled.  In  my 
inion  there  is  no  objection  to  this  correlation  since  the  height 

the  lower  terrace  is  slightly  below  that  of  the  portion  of 
3  Belmore  beach  immediately  west  of  the  Cuyahoga,  being 
out  165  feet,  while  the  beach  at  the  crossing  of  the  C.  0.  0. 
St  L.  R.  R.  is  170  feet  above  Lake  Erie.  It  seems  there- 
•e  that  in  this,  as  in  the  next  older  moraine,  a  moraine  of 
3  eastern  Erie  basin,  has  in  the  western  Erie  basin,  a  beach 
p  its  correlative. 

In  the  earlier  beaches  there  is  no  quastion  that  the  Lake 
ie  basin  has  a  southwesterly  outlet  into  the  Wabash  river, 
sir  altitude  being  slightly  above  that  of  this  outlet,  and  the 
aches  being  open  there,  but  the  Belmore  and  later  beaches 
5  below  that  level  and  do  not  open  toward  the  outlet.  We 
ist  therefore  look  elsewhere  for  their  outlet.  It  is  evident 
it  it  was  not  along  the  present  route,  nor  by  the  Mohawk 
Hey,  since  the  ice-sheet  filled  at  this  time  the  western  portion 

'  Second  Geol.  Siirv.  Penn.,  Q«,  pp.  38,  39.  Gcol.  of  Ohio,  vol.  i,  pp.  488-90, 
i;  vol.  ii,  pp.  60-63. 
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and  perhaps  the  whole  of  the  Ontario  basin  and  the  easten 
Erie  basin.  The  on)j  outlet  remaining  is  through  the  I^e 
Huron  and  Lake  Michigan  basins  to  the  Chicago  outlet.  The 
distance  to  wliich  the  ice-sheet  had  retreated  in  the  Lake  Erie 
basin  seems  to  warrant  as  in  believing  that  the  Hnron  and 
Michigan  basins  may  have  been  so  far  cleared  of  ice  as  to 
afford  an  outlet  in  this  direction,  either  around  the  north  end 
of  the  Southern  Feninsnla  or  across  it  via  Saginaw  Bay  and 
Gi-and  river  valley. 

Summary  and  Conelutiotis. 

From  the  data  above  presented  it  appears  that  Lake  Erie  in 
its  earlier  stages  was  but  a  small  body  of  water,  its  size  being 
conditioned  by  the  position  of  the  retreating  ice-aheet  and  bj 
the  height  of  the  western  rim  of  the  basin  it  occupied.  It  at 
first  occupied  only  a  portion  of  the  district  between  the  outlet 
and  the  western  end  of  the  present  lake,  the  remainder  of  the 
basin,  including  the  whole  of  the  area  of  the  present  lake, 
being  occupied  by  the  ice-sheet.  Its  south  and  north  shore 
were  then  at  the  Van  Wert  ridge,  while  its  eastern  border  was  , 
at  the  Blanchard  moraine. 

By  a  recession  of  the  ice-sheet  northeastward  to  about  the 
meridian  of  Cleveland,  the  lake  became  much  expanded  and 
its  level  was  lowered  a  few  feet,  though  the  outlet  still  con- 
tinued down  the  Wabash.  Its  north  and  south  shores  then 
occupied  the  second  or  Leipsie  beach,  while  on  the  eastibe 
waves  beat  against  the  ice  front.  The  ice-sheet  itself  seems  to 
have  broken  into  bergs  at  its  margin,  and  to  have  formed  no 
terminal  moraine  at  that  time  though  its  lateral  moraine  is 
well  developed. 

uijiiciit  receasion  resulted  in  the  lowering  of  the  like 
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points  where  they  disappear  on  its  eastern  and  northern 
oordere. 

Differential  uplift  was  slight  in  the  western  Erie  basin  com- 
pared with  what  it  was  in  the  eastern  Erie  basin  and  the  On- 
tario, in  Michigan,  and  on  the  Canadian  shores  of  Lake  Huron 
and  Georgian  Bay.  The  data  at  hand  indicate  that  it  amounts 
to  scarcely  more  than  ten  feet  in  the  whole  area  of  the  portion 
of  the  Erie  basin  west  of  Cleveland,  and  has  therefore  played 
an  insignificant  part  in  causing  the  three  stages  of  the  lake 
herein  aescribed. 

The  bulk  of  the  moraines  is  many  times  that  of  the  beach 
deposits,  though  no  longer  time  was  involved  in  their  deposi- 
tion. The  ice-sheet  was  therefore  a  much  more  efficient  trans- 
porting agency  than  the  lake  waves. 

The  extreme  scarcity  of  evidence  of  life  in  these  waters, 
though  negative  in  its  nature,  and  therefore  to  be  taken  with 
caution,  is  quite  accordant  with  the  theory  deduced  from  the 
relation  of  the  beaches  to  the  moraines,  viz :  that  the  beaches 
are  of  glacial  age. 


Art.  XXXVI. — Magnesium  as  a  Source  of  Light ;  by 

Frederick  J.  Rogers,  M.S. 

[Contributions  from  the  Physical  Laboratory  of  Cornell  University,  No.  9]. 

I. 
Quality  of  Magnesium  Light, 

The  light  produced  by  the  combustion  of  magnesium  is 
brilliantly  white.  It  is  whiter  than  the  arc  light  and  almost 
rivals  sunlight  itself.  When  the  spectrum  of  the  magnesium 
light  is  formed  side  by  side  with  that  of  ordinary  gaslight,  the 
former  is  immediately  seen  to  be  relatively  much  stronger  in 
the  more  refrangible  rays.  It  gives  a  continuous  spectrum, 
superimposed  upon  which  are  the  ever  present  sodium  lines 
D,  D,  and  the  magnesium  lines  J,  h^  h^  as  well  as  four  or  live 
oxide  bands. 

In  the  experiments  to  be  described  in  the  first  part  of  this 
paper  the  bnghtness  of  magnesium  light  in  different  parts  of 
its  spectrum  was  compared  with  the  corresponding  components 
of  gaslight  from  an  Argand  burner  by  means  of  the  "  hori- 
zontal slit "  photometer.*  This  is  a  spectrophotometer  mov- 
able along  a  photometer  bar.  It  furnishes,  side  by  side, 
spectra  of  the  two  sources  of  light  to  be  compared,  the  two 

*  Described  bv  Dr.  K.  L.  Nichols,  in  Trans.  Am.  Inst,  of  E.  E.,  vol.  vii. 
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spectra  being  viewed  in  the  nsoal  manner  by  ineanB  of  u 
oDserving  telescope.  The  advantage  of  this  form  of  dpeclto- 
photometer  is  that  there  is  no  polarizing  device,  eqnalitr  of 
the  particular  portions  of  the  spectra  compared  being  obttuned 
by  movement  along  the  photometer-bar. 

The  light  to  be  studied  was  produced  by  the  combnstioD  of 
tnagnesinm  ribbon  2^""°  wide,  supplied  at  a  uniform  rate  bt 
means  of  clock-work.  The  light  was  very  variable,  a  fact 
which  greatly  increased  the  difficulty  of  determining  its  qnsl- 
ity.  Even  when  a  diaphragm  witli  an  opening  of  2x5™ 
was  placed  immediately  in  front  of  the  bnming  ribbon  this 
variation  in  intensity  was  quite  marked.  The  best  that  could 
be  done  was  to  take  the  mean  of  a  large  number  of  observa- 
tions. The  comparison  was  made  at  eight  points  very  nearlj 
equidistant  in  the  normal  spectrum.  Five  seta  of  obfierratione 
were  made  making  in  all  fourteen  readings  for  each  of  tk 
eight  points  in  the  spectrum.  Table  I  gives  the  ratios,  mag- 
nesinm  light :  gaeliglit,  reduced  to  unity  at  the  D  line,  a* 
obtained  by  taking  tlic  mean  of  these  five  sets  of  observations. 


Table 

. 

Wave- 

Mg.  light. 

Wsve- 

Mg.  UgUt. 

IcngtliB. 

KHSlight 

IcDgtha. 

-^ught: 

•450 

8-77 

■674 

\-1\ 

■479 

5 '33 

■606 

0-83 

,506 

3-43 

■635 

066 

■536 

2-07 

■670 

0^53 

The  full  curve  in  fig.  I  represents  graphically  the  relation 
between  wave-lengths  and  relative  intensity  in  the  case  of 
the  magncfiinm  h'ght.  The  standard  gaslight  is  arbitrariW 
taken    to   be   unity   in   all   parts   of    the   spectrum.      Curve 
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1879.*  It  will  be  Been  that  the  reenlts  from  Table  I,  are  quite 
in  accordance  with  those  of  that  obserrer  and  snetain  his  Btate- 
ment  that  of  all  artificial  iUamlnaatB  the  magDeeinm  light 
approaches  ennlight  much  more  nearly  than  does  any  other. 


II. 

e  of  Jiuming  Magnesium. 
An  important  question  in  regard  to  the  magnesium  light  is 
that  of  the  temperature  at  which  corabHStion  takes  place. 
Flame  temperatures  arc  not  well  known.  Bosscttif  has  found 
1330°  for  tne  hottest  part  of  a  Bunsen  flame  and  ^iO"  to  9i0° 
for  a  stearine  candle  flame.  As  I  knew  of  no  experimental 
data  whatever  on  tlie  subject  of  the  temperature  of  burning 
magnesium,  I  attempted  to  measure  it  by  means  of  the  E.  M. 
F.  produced  in  a  thenno-elemeut  composed  of  platinum  and 
platinum-iridiam,  when  the  elument  was  placed  in  the  flame. 
A  thermo-element  of  those  materials  had  been  previously  cali- 


liln.  1 
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brated*  nsio?  ae  known  tcmperatnreB  the  melting  poii 
metals,  for  higli  tcmpGratures,!  silver  954°,  gold  1035  ,  o.^^ 
1054°.  As  tlie  melting  ]K)int  of  copper  ie  far  below  tbein-  ■' 
peratiires  to  be  measured  it  is  necessary  to  prolong  the  olibn-  ' 
tion  curve  beyond  the  ]>oint8  determined  by  observation.  6S 
as  this  curve  is  almost  exactly  a  straight  line  from  700'  to 
1050°  it  is  probably  safe  to  prolong  it  to,  at  least  within  ffliy 
or  S00°  of  the  raeltmg  point  of  platinum. 

It  was  soon  found  that  burning  magnesium  almost  instsnllv 
destroyed  the  small  platinum  wire  used  ('01  inch  diameterk 
apparently  by  some  chemical  action,  as  there  waa  no  evidenee 
of  fusion.  To  determine  the  temperature  in  the  ordinary  wij. 
by  noting  the  permanent  deflection  of  a  galvanometer  needle 
when  the  thermojunction  was  held  in  the  magnesium  flame. 
was  clearly  impossible.  To  obviate  this  difficulty  several  indi- 
rect methods  were  employed,  in  all  of  which  the  temperatan 
of  burning  magnesium  waa  determined  by  comparison  with 
other  flame  temperatures. 

The  temperatures  of  tlie  flames  to  be  used  as  standards  in 
this  work,  were  determined  by  the  writer  by  means  of  flie 
E.  M.  F.  produced  by  them  in  the  above  mentioned  themio- 
junction.  These  flames  were  air  blast  flame,  Bunsen  fiame. 
luminouE  gas  flame  (Bunsen  burner  with  the  air  holes  closed) 
and  candle  flame.  In  all  eases  the  object  was  to  get  the  temper- 
ature of  the  hottest  part  of  the  flame.  No  galvanometer 
readings  were  taken,  until  by  repeated  trial,  the  deflection  wa? 
as  great  as  could  be  obtained.  The  flnal  results  of  three  setf 
of  observations  are  given  in  Table  II. 

Three  methods  employed  in  the  estimation  of  the  terapera- 
tnre  of  combustion  of  magnesium  are  described  below. 

Ji'irst  method. — Tlie  wire  of  the  tbermo-eleraent  was  passed 
through  a  small  hole  in  a  porcelain  screen  which  protected  tbe 
jiiuetioii  as  sliown  in  fii;'.  2.    The  i>latinum-iri(lu]in  wiro  v- 
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•].  M.  F.  was  negative,  the  E.  M.  F.  in  the  original  element 
teine  considered  positive.  To  eliminate  this  accidental  £. 
tf.  F.,  the  therm o-j unction  was  made  in  the  form  of  a 
r  as  in  fig.  3  and  the  projecting  portion  which  passed 
hrough    a  porcelain   screen    was   heated   as  3. 

wfore   by   the    different   flames.      Two    deter-  

ninations  hy  this  method  are  given  in  Table  II.  \ 

Third  Method.  —  In  this  case  a  rather 
arge  bead  of  metal  was  formed  at  the 
n  notion.  The  junction  was  then  directly 
leated  by  the  different  flames,  last  of  all  by  - 
he  magnesium  flame,  and  the  galvanometer 
■swings"     were     noted    as     before.        The  pt-n 

hermo-element  was  not  so  quickly  destroyed  as 
•efore ;    nevertheless,  only  one  reading  for  the  \ 

(lagnesinm  flame  conid  be  obtained  before  mak- 
ng  a  new  junction.  Two  determinations  were 
nade  by  this  method. 

Tablk  II. 


1233 
1222 


13S2 
U04 


Second    j  iga 


1342 
1332 


The  values  for  the  flame  temperature  of  magnesium,  given 
bove,  were  obtained  by  a  graphic  method  whicli  is  illustrated 
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in  figure  4.  The  previoasly  determined  temperatures  of  the 
other  flames  were  plotted  as  aliseissee  and  the  corresponding 
galvanometer  "  swinge  "  as  ordinates.  The  ordinate  on  these 
carves,  corres))ODdiiig  to  the  "  swing  "  dne  to  the  magneunm 
flame  was  taken  as  indicating  the  position  of  that  flame  npon 
the  curve.  The  abecissa  reading  of  this  point  gave  the  flame 
temperature  to  be  inserted  in  the  tabla  In  figure  4  are  given 
tlie  curves  for  the  third  metliod.  The  galvanometer  "swingg" 
for  the  same  flame  in  the  two  cases  were  not  exactly  the  same 
on  account  of  the  bead  of  metal  at  the  junction  being  la^r 
in  one  case  than  in  the  other. 

Whatever  question  may  be  raised  tonching  the  accuracy  of 
tlie  absolute  values  of  the  above  determinations  of  flame  tem- 
peratures ;  there  can  be  little  doabt  that  they  are  relativelv 
nearly  correct ;  and  we  may  be  sure  that  the  temperatare  of 
burning  mugnesinm  is  a  little  below  that  of  the  hottest  part  of 
an  air  blast  flame. 

When  the  quality  of  the  light  from  sources  of  different 
temperature  is  examined,  it  is  almost  uniformly  found  that  the 
light  from  the  sources  of  higher  temperature  is  richer  in  the 
more  refrangible  rays.  Pi-of.  Pickering,  in  the  course  of  the 
series  of  investigations  on  the  quality  of  the  light  from  dif- 
ferent sources  already  cited,  has  made  use  of  this  fact  to  calcn- 
late  flame  temperatures.  The  following  passage  from  his 
paper  will  serve  to  indicate  the  basis  of  his  estimates  ;  "Then 
if  the  temperatures  we  adopted  were  correct,  this  would  give 
lis  a  very  8imj)le  empirical  law,  viz:  The  temperature  is  alwavf 
proportional  to  some  function  of  the  ratio  of  any  two  aesuined 
wave-lengths.     For  artificial  sources  for  the  wave-lengths  '5^5 

and  '455  it  varies  directly  as  this  ratio Vpon 

this  principle  the  temperature  of  the  magnesium-light,  perhaj*? 
the  hifjhest  terrestrial  tempenitnre  we  have  yet  attained,  would 
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The  method  employed  for  the  determination  of  this  ratio 
was  to  note  the  galvanometer  deflections  produced  by  the 
direct  radiation  of  the  source  upon  the  face  of  a  thermopile  in 
circuit  with  a  galvanometer,  and  then  the  eflFect  of  radiation 
from  the  same  source  when  the  "  dark  "  heat  is  cut  oflf  by  a 
glass  cell  containing  a  saturated  solution  of  alum.  Two  alum 
cells  were  used  in  all  cases.  The  second  cell  eliminated  the 
effect  of  the  warming  up  of  the  first  one  due  to  the  absorp- 
tion of  radiant  heat.  The  total  thickness  of  the  two  alum 
cells  was  72°*"*.  The  E.  M.  F.,  produced  in  a  thermopile  by 
radiation  on  its  face,  varies  directly  as  the  intensity  of  the 
radiation.  Therefore  the  ratio  of  the  galvanometer  deflection 
obtained  when  the  alum  cells  are  interposed,  to  the  deflection 
produced  by  the  unobstructed  radiation,  properly  corrected  if 
there  has  been  a  change  in  the  resistance  of  the  galvanometer 
circuit,  gives  the  ratio  of  the  radiation  through  the  alum  cells 
to  the  total  radiation.  When  this  ratio  is  corrected  for  the 
light  absorbed  and  reflected  by  the  alum  cells  and  for  the 
"  dark  "  heat  which  passes  through  them,  we  have  the  radiant 
efliciency  of  the  source  of  light. 

The  amount  of  light  absorbed  and  reflected  by  the  alum 
cells  was  determined  photometrically.  The  candle  power  of  a 
constant  source  of  light  was  measured  both  when  the  two  alum 
«!ells  were  and  were  not  interposed  between  it  and  the  photo- 
meter, and  it  was  found  that  •611  of*  the  light  incident  upon 
the  face  of  the  first  alum  cell  passed  through  both.  The 
"dark"  heat  transmitted  by  the  alum  cells  was  measured  with 
the  aid  of  a  cell  containing  an  opaque  solution  of  iodine  in 
bisulphide  of  carbon.  This  transmitted  the  "  dark  "  heat  but 
intercepted  the  light.  In  the  case  of  a  gas  flame  '004  of  the 
incident  '*dark"  heat  was  transmitted  through  both  alum  cells. 

For  the  sake  of  comparison  the  radiant  efficiency  of  candle 
light  and  gaslight  was  determined.  The  final  results  of  a  num- 
ber of  measurements  are  as  given  below. 

Table  III. 

Radiant  efficiency  of  candle-light,  -0153 

u  «  «    aaslic/ht     j  Bat's  wing  burner,        0128 

gasiigtit,   l^rgand      .       "  -0161 

Julius  Thomsen*  found  the  efiiciency  of  petroleum  flame  to 
be  about  02.  His  method  was  similar  to  the  above  except 
that  he  used  distilled  water  instead  of  a  solution  of  alum  and 
disregarded  the  heat  transmitted.  S.  P.  Langleyf  by  a  very 
different  method,  namely  by  measuring  the  intensity  of  the 

*  PoggendorflTs  Annalen,  cxxv,  p.  348.  f  Science,  vol.  i,  p.  483. 
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radiation  for  the  different  wave  lenfcflu  of  the  laminoEU  and 
heat  spectrum,  found  the  radiant  efficiency  of  gaslight  from  in 
Ai^Aud  burner  to  be  '024. 

Considerable  difficulty  was  experienced  in  measnring  thU 
ratio  for  magneeium  light  ou  account  of  the  great  variability 
of  the  magnesium  flame.  The  galvanometer  needle  instead  of 
moving  steadily  or  by  steps  to  a  maximum  and  then  remainini; 
there,  was  almost  constantly  in  motion,  Farthennore  the 
radiation  with  and  without  the  alum  cells  had  to  be  measared 
successively,  and  there  was  no  certainty  that  the  coadition  of 
the  flame  was  the  same  in  the  two  cases.  The  best  that  coald 
be  done  was  to  take  a  large  nnmber  of  observations  and  dis- 
card a  few  that  were  very  far  from  the  mean. 

Tablr  IV. 

OilTanoomerdedetlloiih       Llfbl  Ir 


1  67-4  76-5 

2  77-5  83-5        .     -093  "090  '140 

Same  aa  above  but  with  diaphragm. 

3  16-5  17-9  -OftZ  -089  -ISO 

4  21-7  22-7  -095  092  -144 
Same  aa  above  but  with  galvanometer  No.  2. 

R.  of  clrcull-n-M  R.  or  circuit  ItTtt 

5  180  48-6  -094  '091  -142 

6  17-8  49-1  -092  -089  -139 

7  12-4  40-8  -077  '074  -lie 

8  14'1  41-3  -087  -084  -131 
Same  as  above,  sensitiveness  oj"  galvanometer  changed. 


31-0 


40-5 


■076 


■073 


■114 
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3  to  the  face  of  the  thermopile  being  suddenly  ex- 
source  of  radiation  is  proportional  to  the  final  per- 
flection.  Use  was  made  of  this  fact  in  obtaining  the 
en  in  Table  V.  In  this  case  there  was  no  difficulty 
ning  the  limit  of  the  "  first  swing."  The  difficulty 
aed,  however,  that  the  magnesium  might  be  giving 
mum  of  radiation  at  the  instant  of  exposing  the 
5  to  it  while  at  the  next  exposure  it  might  be  far 
ximum.  A  mean  of  the  results  by  the  method  of 
i  deflections  and  "first  swings"  gives  '135  as  the 
iciency  of  magnesium  light.  The  only  artificial  light 
ciency  is  greater  than  this  is  the  light  from  a  Geiss- 
of  which  the  radiant  efficiency  is  about  '34.  L.  B. 
nds  the  radiant  efficiency  of  the  arc  light  to  vary 
0  '127  depending  upon  the  character  of  the  carbons. 

Table  V. 

Radiant  efll< 
GalTanometer  "  ewiofrs.'*     Light  tranamit-  ciency  (pre* 

Two  alam  ted  through       Preceding        ceding  ratio 

cells.        Direct  radla>    alum  cella  divl*  ratio  correc-     corrected  for 
B.  of  clrcnlt   tlon  K.  of  clr*      ded  by  total     ted  for  beat      light  reflected 
7*46  calt  1*46  radiation.       tranBmltted.     and  abaorbed.) 

3-8  47-0  -081  -078  -122 

3-5  40-0  -088  -085  -133 

2-9  31-8  -092  -089  '139 

Sensitiveness  of  galvanometer  changed. 

4-9  55-1  -089  -086  '134 

5-2  57-0  -091  -088  '137 

5-0  48-3  -103  -100  '156 

5-4  56-3  -096  '093  '145 

4-6  54-9  -084  '081  -126 

4-3  45-3  -095  '092  '144 

3  by  the  method  of  "first  swings."  -137 

cano,:}:  in  a  series  of  experiments  to  determine  the 
f  the  size  of  carbons  to  efficiency,  found  that  in  the 
rbons  '25  in.  in  diameter  and  a  potential  difference  of 
he  "spherical  efficiency"  was  '166  but  with  carbons 
lal  size  the  efficiency  was  about  'lO. 
idiant  efficiency  of  incandescent  lamps  is  much  less 
of  the  arc  light.  Ernest  Merrit§  found  the  radiant 
of  incandescent  lamps  under  the  best  conditions  com- 
ith  their  continued  existence  to  be  about  '06. 
he  experiments  above  referred  to,  the  efficiency  was 
in  the  same  way,  viz :  by  taking  the   ratio  of  the 

jr  zu  den  Annalen  der  Physik,  xiv,  page  538. 

t.  of  E.  E.,  1890,  vol.  vii.  %  Am.  Ina.  of  E.  E.,  vol.  vi,  p.  308. 

imal,  vol.  xxxvii,  p.  167. 
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radiation  through  an  alnm  cell  to  the  nnobstrncted  radiatiDi] 
and  correcting  for  light  absorbed  and  heat  trammitted. 


Heat  of  Combustion  of  Mafftiegium. 
In  order  to  determine  the  total  efBciencj  of  magnesiam  liglit 


it  is  necessary  to  kno< 
ing  this  quantity  a  ne 


heat  of  combustion.  In  determin- 
form  of  colorimeter  waa  used.  In  this 
case  the  magnesium  ribbon  v&.' 
burned  in  an  entirely  closed  vesiel 
containing  oxygen,  not  allowing 
any  of  the  products  of  cornhnsttou 
tu  escape,  Figure  5  represents  a 
vertical  section  of  the  calorimeter. 
The  smaller  vessel,  A,  holds  some- 
thing over  half  a  liter.  This  vessel 
is  provided  with  an  air-tight  cover 
through  which  pass  two  electrodes 
E,  E ,  one  of  which  is  insulated 
from  the  calorimeter.  The  outside 
vessel  in  just  large  enough  to  allow 
room  between  it  and  the  inner 
vessel  for  a  stirrer,  S,  and  a  ther- 
mometer T. 

The  process  was  as  follows: 
About  three  fourths  of  a  gram  of 
magnesium  was  coiled  into  a  spiral 
and  a  very  small  quantity  of  phos- 
phorus fastened  to  it.  The  termi- 
nals of  the  spiral  were  then  con- 
nected to  the  electrodes.  Before 
putting   the   magnesium    into    the 


F,  J.  Rogers — Magnesiitm  as  a  Source  of  Light.        811 

the  resalts  of  seven  determinations  by  this  method.  A  mean 
of  these  gives  6010  lesser  calories  as  tne  heat  developed  by  the 
combustion  of  one  gram  of  magnesium  in  oxygen. 

Julius  Thomson*  gives  6077  as  the  heat  of  combination  of 
magnesium  and  oxygen.  He  arrived  at  this  result  indirectly 
by  means  of  the  heat  developed  in  the  formation  of  the  hydrate. 

V. 
Total  efficiency  of  magnesium  light. 

By  total  efficiency  is  meant  the  ratio  of  luminous  energy  to 
the  total  energy  expended  in  the  production  of  the  light.  In 
order  to  determine  this  ratio  it  is  necessary  to  know  tne  ratio 
of  radiant  energy  to  total  energy  of  combustion.  The  method 
of  obtaining  the  energy  of  combustion  of  a  gram  of  magnesium 
in  lesser  cdories,  has  just  been  described,  and  next  must  be 
indicated  that  of  obtaining  the  radiant  energy  from  a  gram  of 
burning  magnesium  in  the  same  units.  The  method  of  obtain- 
ing this  result  was  by  calibrating  the  galvanometer  and  ther- 
mopile for  lesser  calories  of  spherical  radiation  from  a  source 
24*°*  from  the  face  of  the  thermopile.  The  known  source  of 
heat  was  a  spherical  brass  vessel  coated  with  lamp  black  and 
filled  with  hot  water.  Its  loss  of  heat  was  known  by  its  fall 
in  temperature.  The  loss  by  convection  and  conduction  was 
determined  by  noticing  the  rate  of  cooling  in  air  and  in  a 
vacuam,  under  otherwise  similar  circumstances.  By  this  means 
it  was  found  that  a  galvanometer  *' swing"  of  one  scale  division 
corresponded  to  a  spherical  radiation  of  2  53  calories  per 
minute.  Next  the  thermopile  was  exposed  to  the  radiation 
from  burning  magnesium,  the  ribbon  being  supplied  at  a  uni* 
form  rate.  From  a  mean  of  24  observations  it  was  found  that 
the  burning  of  one  gram  of  magnesium  produced  4630  calories 
of  radiant  energy.  As  above  shown  '135  of  this  radiant  energy 
is  light.  The  total  energy  of  combustion  of  one  gram  of  mag- 
nesium is  6010  colories,  therefore  the  total  efficiency  of  mag- 

^  ^1      •  •  -1^^5X4630        ..^, 

nesium  as  a  producer  of  luminous  energy  is =  •102o. 

^  ^-^  6010 

It  is  assumed  in  this  computation  that  the  radiation  from  burn- 
ing magnesium  is  of  the  same  intensity  in  all  directions. 
Experiments  were  made  for  determining  the  validity  of  this 
assumption,  in  which  it  was  found  that  the  candle  power  showed 
but  little  diminution  up  to  70°  from  the  horizontal  plane. 

It  is  very  remarkable  that  nearly  '10  of  the  total  heat  of 
combustion  of  any  artificial  illuminant  is  expended  in  produc- 
ing light.     The  radiant  efficiency  of  magnesium,  as  we  have 

*  Journal  fur  praktische  Chcmie,  1875. 

Am.  Joub.  Sol— Thiud  Sbries,  Vol.  XLIII,  No.  256.— April,  1892. 
20 
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Been,  ie  very  high  and  wh&t  is  still  mora  enrprieing,  the  ntio  of 
radiant  energy  to  total  energy  is  not  far  from  '75.  The  small 
loss  by  convection  wliicli  renders  this  ratio  possible  is  partiaLv 
explained  by  the  fact  that  tlie  product  of  combastion  is  a  eoliij. 
It  may  be  also  that  this  iintisually  high  percentage  of  radiation 
is  in  some  way  related  to  the  fact  that  so  large  a  proportion  of 
the  radiant  energy  itself  is  luminous. 

The  final  exporuncnts  in  my  study  of  magnesium  as  a  source 
of  light  consisted  in  the  determination  of  the  amonnt  of  light 
produced  by  burning  one  gram  of  the  metal.  MeasuremenU 
were  made  by  means  of  the  "horizontal  slit"  photometer. 
The  standard  for  four  determinations  was  an  Argand  lamp 
with  a  Methven  slit,  which  allowed  two  candle  power  to  pass 
through.  In  these  measurements  the  comparison  was  made  at 
the  D  line.  In  four  ocher  determinations  the  standard  was  an 
incandescent  lamp ;  in  which  case  the  measurements  were  made 
at  two  points  on  opposite  sides  of  the  D  line  and  their  mean 
taken.  In  Table  Vll  are  given  the  final  results  of  these  eigbt 
determinationa 


SluQilani  — Argand  lamp,  Stiindard=lTipandOTceiit  lainp, 

0.  |).  miniilcs  C.  p.  mimiln. 

No.  per  ({.  of  Ug.  No.  per  g.  of  Mg. 

1  246  ]  233 


A  mean  of  the  above  eight  measurements  gives  251  candle- 
power-minutes  produced  by  the  combustion  of  one  gram  of 
magnesium. 

This  measurement  of  the  candle-]H>wer-mitiHtes  produced  bv 
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)erra  candle  to  3*7  calories  in  the  case  of  gas.  His  values 
too  high,  for  he  used  distilled  water  to  absorb  the  r«diant 
i  instead  of  an  alum  solution,  and  made  no  correction  for 
heat  transmitted.  Dr.  Nichols*  puts  the  thermal  equiva- 
of  the  light  from  an  incandescent  lamp  at  3*6  calories, 
piesium-light  is  much  richer  than  gaslight  in  those  rays 
«n)  which  are  most  effective  in  producing  vision.  Never- 
ess  it  is  highly  improbable  that  its  thermal  equivalent  is 
;h  less  than  two-thirds  that  of  the  incandescent  lamp  or  in 
jr  words,  that  it  is  much  less  than  2*4  calories.  But  if  the 
1  efficiency  of  magnesium  light  is  consideral)ly  less  than  '10 
1  its  thermal  equivalent  must  be  considerably  less  than  2'4 
ries. 

t;   may  be  interesting  to  compare  magnesium  with  gas  as  a 
incer  of  luminous  energy.     The  radiant  efficiency  of  gas- 
t  is  about  -015 ;  but  of  the  total  energy  of  combustion  in 
ease  of  gas  only  '15  or  '20  is  radiant  energy.     Therefore 
total  efficiency  of  gaslight  is    0022  or  -003.     This  means 
.  potential  energy  in  the  form  of  uncombined  magnesium 
oxygen  is  from  80  to  40  times  more  effective  as  a  producer 
uminous  energy  than  the  same  quantity  of  potential  energy 
he  form  of  illuminating  gas  and  oxygen.     Even  this  state- 
it  does  not  give  the  full  measure  of  the  superiority  of  mag- 
um   light.      If    the    thermal  equivalents  of  gaslight   and 
^uesium  light  are  3*0  and  2*4  respectively,  the  same  quan- 
of  luminous  energy  in  the  form  of  the  latter  will  produce 
per   cent   more   candle   power  than  if   it   were   luminous 
rgy  in  the  form  of  gaslight. 
he  results  of    this  investigation   may  be  summed   up  as 

3W8  : 

The  spectrum  of  burning  magnesium,  as  has  already  been 
ited  out  by  Pickering,  approaches  much  more  nearly  that 
sunlight  than  does  the  spectrum  of  any  other  artificial 
ninant. 

The  temperature  of  the  magnesium  flame,  about  1340°  C, 

between  that  of  the  Bunsen  burner  and   that  of  the  air 

t  lamp,  although  the  character  of  its  spectrum  is  such  as 

lid  correspond  to  a  temperature  of  nearly  500u°  C.  were  it* 

t  due  to  ordinary  incandescence. 

,  The  "radiant  efficiency"  is  13^  per  cent ;  a  value  higher 
I  that  for  any  other  artificial  illiiminant  (excepting  ])erhaps 
light  of  the   electric  discharge   in    vacuo  for  which  Dr. 
lb  of  Zurich  has  found  an  etKciency  of  about  34  per  cent. 

The  radiant  ener<ry  emitted  bv  burnin<i:  matjnesium  is 
it  4630  calories  per  gram  of  the  metal  burned  or  75  per 

♦American  Inst,  of  E.  K.,  vol.  vi,  p.  173. 
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cent  of  the  total  heat  of  combnstion ;  as  compared  with  15 
per  cent  to  20  per  cent  in  the  case  of  illnmiDating  gas. 

5.  The  thermal  equivalent  of  one  candle-power-miDiite  of 
magnesium  light  is  ahoat  24  lesser  calories,  as  against  3-5  to 
i'O  for  other  artificial  illuniinants. 

6.  Tlie  total  efBciency  of  the  magnesium  light  is  about  10 
per  cent ;  as  compared  with  -25  per  cent  [a  quarter  of  one  per 
cent],  for  illuminating  gas. 

7.  Taking  into  consideration  the  greater  average  Inminositr 
of  the  rays  of  the  visible  spectrum  of  the  magnesium  flame,  it 
ie  certain  that  ^er  unit  of  energy  expended,  the  light-giring 
power  of  burning  magnesium  is  from  fifty  to  fiixty  timet 
greater  than  that  of  gas. 

Physical  liboraloryot  Cornell  Uoivetsitj,  June,  1891. 


Art.  XSXVII. — A  method  for  the  quantitative  separation  of 
Barium  from  Calcium  by  the  action  of  Amyt  Alcohol  on 
the  Nitrates ;  by  P.  E.  Browsing. 

[Contributions  froni  tlie  tCaut  Cliemical  Laboratory  of  Yale  Colle^ — XII.] 

The  fact  that  strontium  can  be  separated  qaantitativelj  from 
calcium  bv  boiling  the  nitrates  with  amyl  alcohol,  as  I  Lace 
recently  shown,*  naturally  suggested  a  similar  separation  of 
barium  from  calcium  by  the  same  general  treatnaent.  Solu- 
tions of  specially  purified  barium  and  calcium  nitrates  were 
prepared  and  standardized,  cither  by  the  evaporation  or  tiitm- 
tion  of  definite  portions  after  treatment  with  sulphuric  acid. 
The  mean  of  several  closely  agreeing  results,  both  by  evapora 
tion  and  filtration,  was  taken  as  the  standard.  The  metlioJ 
followed   was  essentially  the  same  as  described  in  the   metliol 
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)f  the  alcohol  reached  its  normal  boiling  point  tlie  beaker  was 
•emoved  and  the  barinni  nitrate  filtered  off  upon  an  asbestos 
■elt  in  a  perforated  platinum  crucible,  the  crucible  and  felt 
laving  been  previously  dried  and  weighed.  The  filtration  was 
carried  on  under  gentle  pressure,  the  nitrate  being  received  in 
I  l>eaker  standing  under  a  bell  jar  upon  a  ground  glass  plate. 
Che  last  traces  of  l)arium  nitrate  were  removed  from  the 
>eaker  by  washing  with  small  amounts  of  anhydrous  amyl 
ileohol  contained  in  a  wash  bottle,  previously  described,  to  the 
nouth  piece  of  which  a  small  chloride  of  calcium  tube  was 
lonnected.  The  crucible  containing  the  barium  nitrate  was 
placed  in  an  air  bath  and  heated  to  150°  C.  The  process  of 
leating  and  weighing  was  repeated  until  a  constant  weight  was 
obtained.  Series  I  sliows  the  results  of  these  experiments  the 
)arium  being  calculated  as  oxide. 


(3) 
(4) 


fiaO  taken. 

0-1040  grm. 
0-1043     " 
0-0524 
0-0519 


(( 


i( 


Series  I. 

BaO  found.  . 

()-1039  grra. 
0-1043     '' 
0-0522    " 
0-0518     " 


Krror. 

0-0001  grm.  — 
0-0000 
0-0002 
0-000  i 


t( 


i( 


C( 


These  results  show  plainly  enough  the  complete  insolubility 
)f  the  barium  salt  in  the  amyl  alcohol ;  but  to  confirm  them 
:he  filtrates  of  (3)  and  (4)  were  evaporated  to  dryness,  ignited 
:o  !)um  off  any  organic  matter  from  the  amyl  alcohol,  treated 
ivith  sulphuric  acid,  heated  to  low  redness  and  weighed.  The 
weights  in  both  cases  showed  the  absence  of  any  residue. 


Series  II. 

• 

BaO  taken. 

BaO  found. 

Krn»r. 

CaO  taken. 

C'aO  founci. 

Krror. 

grams. 

grama. 

grams. 

grams. 

grams. 

gmms. 

3) 

0-1410 

0-1406 

0-0004  — 

0-0112 

0-0114 

0-0002  4- 

6) 

0-1300 

01301 

0-0001  4- 

0-0926 

0-0926 

0-0000 

:>) 

0-1043 

0-1049 

0-0006  -f 

0-0741 

0-0736 

0-0005  — 

;8) 

0-0781 

0-0781 

0-0000 

0-0556 

0-0554 

0-0002  — 

;») 

0-0525 

0-0526 

0-0001  -f 
Series 

0-0373 
IJI. 

0-0372 

0-0001  — 

BaO  taken. 

BaO  found. 

Error. 

CuO  taken. 

CaO  found. 

Error. 

grams. 

gramH. 

grams. 

grama. 

grains. 

grams. 

flO) 
(H) 

0-1304 

0-1308 

0-0004  -f 

0-0927 

0-0921 

0-0000  — 

0-1043 

0-1046 

0-0003  -f 

0-0371 

0-0370 

0-0001  — 

(12) 

0-1037 

0-1036 

0-0001  — 

0-0743 

00744 

0-0001  + 

(13) 

0-0783 

00776 

0-0007  — 

0-0427 

0-0422 

0-0005  — 

(U) 

0-0519 

0-0521 

0-0002  + 

0-0369 

0-0361 

0-0008  — 

(15) 

0-0519 

0-0512 

0-0007  — 

0-0570 

0-0567 

0-0003  — 

(16) 

0-0261 

0-0259 

00002  — 

0-0925 

00925 

0-0000 
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The  next  experimeotB  were  directed  toward  a  sepantioo  of 
barium  and  calcium  nitrates.  Detinite  amounts  of  a  solntiun 
of  barium  nitrate  were  measured  from  burettes  into  oonater- 
poieed  beakers  and  weighed,  as  already  described,  the  calcium 
nitrate  was  tLen  added  in  solution  and  the  weight  taken  afain. 
The  water  was  evaporated  and  the  dry  salts  dissolved  agaiu  in 
tbc  least  possible  amount  of  water,  and  boiled  as  before  nitii 
30cm'  of  amyl  alcobol.  The  barium  salt  was  filtered  off  into  a 
perforated  platinum  crucible  containing  an  asbestos  felt,  dried 
and  weighed  as  previously  described.  The  calcium  was  deter- 
mined in  the  filtrate,  in  the  form  of  the  sulphate,  by  evapora- 
tion of  tlie  alcobol,  treatment  with  an  excess  of  sulphuric  acid 
and  ignition.     Series  II  gives  the  results  of  this  treatment. 

In  Series  III  tlie  effect  of  a  double  treatment  with  the  alco- 
hol is  recorded.  In  these  exjieriments,  after  the  first  boiling, 
already  described,  the  alcohol  was  decanted  upon  an  asliestof 
felt,  under  the  conditions  previously  mentioned,  and  collected 
in  a  beaker  placed  to  receive  it.  The  residue  was  then  dried 
at  a  gentle  heat  over  a  radiator  to  remove  amyl  alcohol,  dis- 
solved in  a  few  drops  of  water,  and  this  solution  was  treated 
with  a  drop  of  dilute  nitric  acid  to  assure  the  condition  of 
nitrate,  and  evaporated  to  dryness.  After  dissolving  in  a  few 
drops  of  water,  3(>cm'  of  alcobol  were  added,  and  the  boiliTig 
repeated.  The  residue  was  filtered  off  upon  the  felt  throngli 
which  the  first  portion  had  been  decanted  and  washed  witli 
amyl  alcohol,  care  being  taken  to  remove  all  particles  from  the 
beaker  by  careful  rubbing.  The  crucible  and  residne  were 
heated  to  150°  C.  as  before  and  weighed.  The  results  after 
one  treatment  are  fully  as  satisfactory  as  those  after  the  donlde 
treatment, — a  point  which  simplifies  the  method  considerabk. 
In  the  separation  of  strontium  from  calcium  the  double  treat- 
ment was  necessary.  The  fortn  in  which  the  salts  separate 
rested  a  I'ossible  L-xiil;in!ition.      Tlic  ^trfintiinii  nitrate.- 
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)n  the  oxides  for  the  amounts  of  barium  and  strontium 
)8  taken  in  order  that  they  may  be  compared  more  con- 
itly  with  the  results  of  the  previous  series. 
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experiments  (21),  (25)  15cm*  of  the  alcohol  were  used  in 
►oiling  instead  of  the  30cm*  of  the  previous  experiments, 
lus  the  total  amount  of  the  corrections  for  the  solubility 
J  strontium  salt  was  reduced  one-half.  In  experiments 
23)  and  (25)  the  calcium  was  determined  by  precipitation 
ulphuric  acid,  the  precipitate  being  filtered  off,  ignited  at 
dness  and  weighed. 

J  rapidity  of  execution  and  satisfactory  character  of  the 
J  of  this  method  of  separating  barium  from  calcium  seem 
30  it  among  good  analytical  methods. 


\  XXXVIII. — 0)1  Plicated  Cleavage-Foliation;  by 

T.  Nelson  Dale. 

blished  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey.] 

B  schists  and  slates  of  the  Taconic  Range  in  Western 
chusetts  and  Vermont  afford  a  good  field  for  studying 
arious  phases  of  cleavage:  slaty-cleavage,  slii)-cleavage,* 
joint-cleavage.  Some  of  the  results  of  such  a  study  have 
published  in  outline  by  the  writer,f  and  others  are  in 
5  of  preparation. 

la  Beche:{:,  and  later  Charles  Darwin^  noticed  that  the 
ned  cleavage  laminoe  of  clay-slate  were  sometimes  curved 
5  surface,  and  Dr.  Hans  Reiisch  of  Ohristianiall  cites  an 

.uflweichunps-clivajre  "  of  Iloim ;  "  strain-slip  cle*\vagc  "  of  Bonncy. 

i  Grej'lock  Synclinoriuin.  American  Geologist,  July,  1891. 

(logical  Manual,  p.  42,  1 83 1. 

)logical  01)servation8  on   (bral   Reefs,   Volcanic  Islands   and   on   South 

%  Part  III,  p.  160,  London,  1851. 

imel^D  og  Komni^n  nied  onigiveUer,  p.  106,  Kristiania,  1888. 
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ititereeting  case  on  the  Hardanger  liord  io  which  the  cleataze 
planes  traversing  a  plicated  layer  have  tliemselves  been  pli- 
cated aloTig  with  the  former  by  secondary  pressure. 

After  examiniiifi  many  square  miles  of  the  Taconic  schists, 
the  writer  found  last  summer  a  case  of  this  kind  at  We^t 
Kutland,  Yt  Although  the  structure  is  not  as  extreme  as  that 
described  by  Dr.  Kcusch  it  involves  identical  principles.  Mom- 
over  the  evidences  of  stratiilcation  at  this  locality  are  so  con- 
clusive as  to  separate  distinctly  tiie  two  foliations. 

The  exposure  is  on  the  south  side  of  a  vertical  E.-W.  joint 
face  in  a  mass  of  sericite  schist  on  the  west  side  of  the  West 
Kntland  valley.  Traversing  it  with  a  very  low  westerly  dip 
are  several  layers  1-3  inebcs  thick  and  from  1-5  feet  apart  of 
calcareous  schist  wiiich  determine  at  once  the  direction  of  the 
stratification.  Across  this  occurs  the  prevailing  cleavage- 
foliation  of  the  region,  dipping  about  30°  east.  Parallel  with 
these  small  calcareous  beds  a  liighly  plicated  foliation  is  seen 
in  places,  and  there  are  also  indications  of  a  second  system  of 
cleavage  planes  dipping  at  high  angle  east,  abont  80°.  (Sec 
fig.  1).*  In  the  lower  and  eastern  part  of  the  ledge  the  pre- 
vailing cleavage-foliation  (I)  undulates  in  gentle  folds  fbich 
measure  about  one  inch  in  width. 
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(ihowe  the  microscopic  strncture.  The  dominant 
ie  evidently  slip-cleavage,  and  the  cleavage-foliation 
»W8  in  places  extremely  minute  plications. 


tl^nrFil  reveracd. 


under  les^  enlargement,  shows   the  flexure  of    the 
foliation   which   in  this  specimen  is  considerable.     In 
.  3  and  1  the  prominence  of  the  cleavage-foliation  is 
le  infiltration  of  ferriiginoue  matter, 
eps  in  the  formation  of  this  structure  appear  to  have 

»tion  of  thu  beds  and  consequent  cleavage- foliation 
cleavage. 

;ation  of  cleavage- foliation  (1}  in  consequence  of  see- 
ressnre  operating  in  the  direction  of  the  cleavage  dip. 
avage-fohation  (II),  slip-cleavage  passing  into  close 
ivage,  produced  by  the  plication  of  cleavage-foliation  I. 
abject  is  not  only  of  interest  structurally  but  in  some 
nay  be  of  econoniii:  importance. 
R.  I..  Jan.  2.  IS!»2. 


XXIX. — (jfiih><iii:al  Agi'   of  the   Sagamiga  Syeiiitf  ; 
by  A.  U.  (\  Ski.wyn. 

surprised  to  read  in  a  paper  by  H.  V.  Wincliel!*  upon 
of  the  Saganagii  Myeiiite  the  statement  that  this 
\  syenite  was  always  supposed  to  be  Laurentian.  A 
.  the  Canadian  (Teologica)  map,  1882,  shows  it  as  occur- 
I  an  extensive  area  of  Huronian.     That  it  should  be 
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accompanied  by  Keewatin  Bchiate  is  therefore  qnite  probable 
and  that  it  is  of  Huronian  not  Lanrentiaa  age  lias  always  been 
supposed  by  Canadian  geologists  who  have  examined  it     I  am 

f  ratified  to  leam  tbat  this  fact  is  now  apparently  recoiniized  bj 
[r.  H.  V.  WincIielJ. 

A  few  remarks  on  the  use  of  the  names  Huronian,  Contcli- 
ichingand  Keewatin  are  I  think  called  for  in  view  of  the  verj 
erroneous  ideas  that  have  been  promulgated,  and  of  which  tbe 
paper  now  referred  to  is  an  instance,  respecting  the  Huronian 
t^ystem  in  Canada  and  the  attempt  to  subordinate  it  to  new  and 
comparatively  unknown  names  or  to  confound  it  and  associate 
it  with  Paleozoic  formations  with  which  it  has  nothing  in  com- 
mon. It  is  even  indicated  as  Huronian  on  the  map  of  18t!6, 
though  then  the  extent  of  it  as  also  of  many  other  similar 
areas  had  not  been  ascertained. 

The  name  Keewatin  as  well  as  Coutchiching  was  originated 
on  this  Survey  by  Dr.  I^wson,  I  sanctioned  the  use  of  th^e 
naiiies  in  the  Survey  publications,  but  only  as  being  useful  io 
designate  subdivisions,  more  or  less  local,  of  the  great  series  of 
ArcMffian  rocks,  which  is  widely  distributed  in  Canada,  at  inter- 
vals from  Belle  Isle  Strait  and  Labrador  to  Lake  Winnipeg. 
and  thence  perhaps  to  the  Arctic  Ocean  and  which  has  alwavs 
been  known  and  described  wherever  it  has  been  recognized  i" 
Canada,  as  Huronian  or  Upper  ArchiBan,  The  name  Hurouian 
is  not,  and  never  was  used  in  Canada  as  equivalent  to  Taconic. 
The  latter  term,  so  far  as  I  can  make  out,  hke  Quebec  Group, 
as  depicted  on  the  published  maps,  included  parts  of  nil 
the  formations  from  Huronian  up  to  Hudson  Kiver  shales 
inclusive.  Huronian,  on  the  other  hand,  was  always  sup- 
posed to  oticnjiy  in  Canada  one  and  the  same  interval 
m  geological  time,  viz :  that  antedating  the  lowest  Pale- 
ozoic. It  was  never  supposed,  like  Taconic,  to  include 
Paleozoic  formatioofl  though  areas  of   it   hud   in   error  l>cen 
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graphic  generalization.  Large  areas  that  will  eventnally  be 
classed  with  the  Huronian  system  have  been  colored  on  the 
geological  maps  of  Canada  as  Laurentian.  These  areas  how- 
ever had  never  been  and  even  yet  are  not  examined.  A  com- 
parison of  the  map  of  Canada  of  1866  with  that  of  1S82  indi- 
cates, though  only  partly,  the  extent  of  this  error,  and  the 
advance  of  our  knowledge  of  the  distribution  of  Huronian  in 
the  interval.  Thousands  of  square  miles  of  territory  in 
Northern  Canada  remain  to  be  explored  before  all  the  areas 
occupied  by  the  rocks  of  the  Huronian  system  can  be  defined. 
Unfortunately  the  literature  of  the  system  has  gone  very  far 
ahead  of  the  knowledge  of  it  derived  from  personal  observa- 
tion in  the  Held.  I  have  probably  examined  these  rocks  in  the 
field  over  a  wider  geographical  extent  than  any  other  geologist 
but  have  taken  little  part  in  the  literature  respecting  them. 
I  have  however  strongly  deprecated  the  term  '*  typical  Hu- 
ronian," and  then  using  the  very  imperfect  descriptions  given 
in  the  early  reports  of  the  Canadian  Survey  of  one  small  par- 
tially mapped  area,  viz :  that  on  the  shore  of  the  north  chan- 
nel of  Lake  Huron,  in  arguments  against  the  subsequent 
correlation  with  it  of  other  areas.  The  chief  arguments  being 
based  on  the  local  greater  development  of  some  particular  kind 
of  rock  as  quartzite,  etc.,  and  low  angles  of  dip — the  latter 
being,  however,  if  not  indeed  both,  a  wliolly  incorrect  assump- 
tion. That  it  is  so  as  regards  the  latter  can  be  proved  by  the 
maps  of  the  so-called  '*  typical"  area  made  by  Mr.  Murray  and 
published  in  1857  in  atlas  form. 

Local  development  of  any  particular  kind  of  rock  is  of  no 
import  in  the  correlation  of  systems,  neither  are  high  or  low 
dips.  The  Archaean  rocks  in  Canada,  Laurentian  and  Huronian, 
are  sometimes  fiat  and  locally  dip  at  all  angles,  from  that  to 
vertical  and  yet  low  dips  and  local  lithological  characters  have 
been  the  main  reasons  adduced  by  some  of  the  writers  on 
Huronian  against  the  correlations  made  by  the  Canadian  Sur- 
vey, all  of  which  are,  however,  based  on  careful  observation  in 
the  field,  and  are  as  well  founded  as,  in  the  absence  of  paleon- 
tological  evidence,  is  possible.  Every  other  kind  of  strati- 
graphic  evidence  is  present  and  I  hold  it  amply  sufficient  for 
the  purpose  of  stratigraphic  correlation. 

In  the  present  state  of  our  knowledge  of  Archiean  forma- 
tions no  new  name  is  required  in  Canada,  for  this  great  sys- 
tem. As  its  subdivisions  become  worked  out,  local  names,  as 
Coutchiching  and  Keewatin,  can  be  used  to  designate  them, 
and  if,  as  is  possible,  though  I  think  not  probable,  some  part  of 
it  should  eventually  be  proved,  by  the  discovery  of  fossils,  to 
belong  to  the  Paleozoic  era,  it  can  be  separated  under  some 
appropriate  designation. 
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A  still  more  glaring  error  is  to  correlate  Animikie — plainlr 
lovi'cr  Cambrian,  at  least  in  Canada — with  Hnronian,  villi 
wliieb  it  bag  scarcely  any  feature  in  common.  The  difference 
in  degree  of  metamoppliisin  exhibited  under  the  microscope 
has  no  necesiary  relation  to  age.  but  is  dependent  on  local  cir- 
cnmstances  and  probably  still  more  on  original  characters. 
Tliere  is  no  recognizable  unconformity  in  this  great  nuroniaii 
series,  and  the  rocks  composing  it  nndoubtedly  all  belong  to 
the  same  rock-making  em.  The  lapse  of  time  represented  may 
be  less  than,  or  it  may  exceed,  that  of  all  snbseqnent  rock- 
making  periods.  On  this  point  there  is  absolutely  no  evidence, 
neither  ig  there  that  it  represents  other  than  an  unbroken  an<I 
very  early,  if  not  the  earliest,  seriea  of  events  in  tlie  history  of 
the  evolution  of  the  stratiform  rocky  crust. 

An  imjiortant  area  of  vary  characteristic  Hnronian  rocks  has 
been  recognized,  daring  the  past  summer,  on  the  east  shore  of 
Lake  Winnipeg,  greenstones,  "slate  conglomerates."  Keewatin 
schists,  etc. 

I  have  recently  visited  the  districts  of  Madoc  and  Marmora 
and  I  should  now  liave  no  hesitation  in,  at  least  provisionally, 
correlating  the  Hastings  series  of  the  late  Mr.  V  ennor  with 
tbc  Huroiiian,  to  which  be  himself  surmised  it  was  more  nearly 
related  than  to  Laiirentlan. 


Art.   XL. — ^-1    Third  Occurrence  of  Peridotite   in  Central 
Xew  Tork  ;  by  C.  11. '  Smyth,  Jr. 

In  view  of  the  interest  attaching  to  the  demonstration  by 
Pri.fessor  G.  H.  Williams,  of  the  igneous  nature*  of  the  su- 

Ciilled  ^01'pentiiu'  of  Syracuse.  "N".  T,.  itny  farther  occurrenw 
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"  Uplifts  of  the  Mohawk,"*  and  is  spoken  of  in  the  papere 
above  cited,  though  never  visited  by  the  authors. 

The  fanit,  whicn  involves  the  strata  from  Archsean  to  Utiea 
slate,  is  plainly  sliown  at  the  highway  bridge  over  the  East 
Canada  Creek,  a  short  distance  north  of  the  railroad.  Here 
the  Utica  slate  forms  a  wall  ten  feet  high  on  the  east  side  of 
the  creek,  while  the  corresponding  western  wall,  about  eight 
hundred  feet  away,  is  Calciferous  sand-rock.  The  strata  on 
both  sides  are  horizontal,  but  as  the  contact  between  the  two 
formations  is  covered  by  stream  deposits,  there  may  be,  and 
probably  is,  a  flexure  of  the  rocks  near  the  fault  The  strike 
of  the  fault  is  about  N.  20  E.,  coinciding  with  the  direction  of 
the  valley.  One  mile  farther  up  stream  the  strike  of  the  fault 
changes  to  ^.  40  E.  crossing  the  stream,  and  thns  producing  a 
considerable  fall,  the  sand-rock  here  rising  above  the  slate  in  a 
bluflF  over  one  hundred  feet  high.  At  this  point,  the  contact 
between  the  sand-rock  and  the  slate  is  shown,  and  there  is  a 
marked  disturbance  of  the  latter.  Two  hundred  feet  back 
from  the  fault  the  slate  begins  to  bend  slightly  upward,  and 
the  inclination  rapidly  increases,  till  at  the  fault  the  dip  ap- 
proaches 90°.  At  the  same  time,  the  flexure  brings  to  view 
the  underlying  strata  of  Trenton  limestone.  As  would  be  ex- 
pected, the  thick  bedded  calciferous  sand-rock  on  the  upthrow 
side  is  much  less  affected,  being  bent  downward  very  slightly. 

It  is  at  this  point,  near  the  foot  of  the  falls  and  on  the  east 
side  of  the  creek,  that  the  dike  occurs,  filling  a  space  ten 
inches  wide  in  the  plane  of  the  fault  between  the  sand-rock 
and  the  slate.  In  connection  with  the  dike  is  a  one  inch  vein 
of  eaicite  carrying  galenite  and  pyrite,  and  some  fifty  years 
ago,  with  a  view  of  working  this  vein,  a  drift  was  run  in  about 
sixty  feet,  when  the  dike  pinched  out.  In  the  opposite  direc- 
tion the  dike  passes  under  the  creek  and  does  not  extend  to 
the  west  bank.  It  is,  therefore,  not  more  than  one  hundred 
and  fifty  feet  in  length.  However,  it  seems  probable  that  the 
rock  exists  at  other  points  along  the  fault,  being  covered  by 
drift. 

The  rock  is  granular  and  of  a  dark  green  or  gray  color,  with 
a  mottled  appearance  due  to  the  presence  of  a  light  green,  to 
white,  mineral.  Scattered  through  it  are  abundant  plates  of 
dark  brown  mica,  often  6-8"'"  in  diameter.  The  appearance 
of  the  rock  varies  but  slightly,  excepting  when  it  has  been 
weathered.     In  the  latter  case  the  product  is  a  light  yellow, 

Sulverulent  clay,  with  scales  of  mica  scattered  through  it. 
[icroscopic  study  shows  the  rock  to  be  made  up  largely  of 
olivine,  with  less  mica,  in  a  ground  mass  chiefly  crystalline. 
The  porphyritic  structure  is  distinct  and  constant,  with  but 

♦  Geology  of  New  York,  Part  III,  pp.  207,  208. 
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sligbt  variations  in  the  relative  proportions  of  the  constitnente. 
Tlic  most  abnndant  mineral  is  olivine,  occurring  both  in 
irregular  grains,  and  wttJi  sharp  crystal  outline.  The  diameter 
of  individuals  seldom  exceeds  l"""  though  larger  masses  are 
oeoasionaily  seen.  Twinning  parallel  to  (111  is  rare,  having 
been  noted  in  only  two  slides.  Inclnsions  are  not  very  abana- 
ant,  and  show  no  regularity  of  arrangement.  The  nsnal 
alteration  to  serpentine  and  carbonates  ia  shown  along  the 
cracks,  and  in  some  cases  the  original  substance  is  entirely 
changed,  but  this  is  not  common,  much  of  the  olivine  generalk 
being  present. 

The  large  mica  phenocrjsts  rarely  show  hexagonal  outline 
The  color  in  thin  sections  is  dark  brown,  with  marked  pleo- 
chroism.  Cleavage  plates  of  the  mineral  give,  with  convergent 
polarized  light,  a  tiguro  which  diifers  but  slightly  from  that  of 
a  uniaxial  mineral.  The  mica  is  doubtless  biotite.  While  some 
individuals  are  quite  fresh,  others  show  considerable  alteration 
to  carbonates.  Occasional  crystals  of  rhombic  pyroxene  are 
present,  but  hardly  in  sufficient  quantity  to  be  considered  an 
essential  constituent  of  the  rock. 

Though  a  large  proportion  of  the  ground-mass  is  distinctk 
crystalline,  a  glassy  sut^tance  is  present  in  small  quantity,  and 
numerous  patches  of  nearly  isotropic  material  probably  repre- 
sent a  glass  tliat  has  been  slightly  altered.  Of  the  crystalline 
portion  of  the  ground-mass,  biotite  is  perhaps  the  most 
abundant  member.  It  appears  in  irregular  lath-shape  parti- 
cles, generally  quite  fresh  and  showing  the  usual  pleochroism. 
.  The  arrangement  of  the  particles  sometimes  shows  a  decided 
How  structure.  Next  in  order  of  abundance  is  the  iron  oxide. 
which  occurs  both  irregular  and  with  octahedral  outline,  and  L* 
evidently  a  primary  constituent  of  the  rock.  As  it  is  strongly 
.ittracted    by  the   magnet   and    readily  soluble   in   acids,  i 
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Btill  another  constituent  of  the  ground  mass,  of  imperfect  lath 
shape,  and  in  color  white,  green  or  brown.  There  is  a  pro- 
nounced fibrous  structure,  perpendicular  to  the  long  axis,  pro- 
ducing an  appearance  very  similar  to  that  resulting  from  the 
serpentinization  of  olivine  along  cracks.  Both  single  and 
double  refraction  are  high  and  extinction  is  parallel.  The  long 
axis  is  sometimes  that  of  greatest,  and  sometimes  of  least 
elasticity  in  the  section,  showing  the  plane  of  the  optic  axes 
to  be  perpendicular  to  the  long  axis.  This  is  also  proven  by 
the  behavior  of  the  mineral  in  convergent  light.  The  mineral 
is  decomposed  by  hydrochloric  acid  giving  a  jelly  easily  stained 
by  fuchsine,  and  its  color  changed  to  red  by  ignition.  All  of 
these  characteristics  indicate  that  the  mineral  is  olivine,  in  par- 
tially developed  crystals.  But  in  view  of  the  rarity  of  a  second 
generation  of  olivme  in  porphyritic  rocks,  it  is  possible  that 
further  study  of  better  material  may  modify  this  conclusion. 

The  highly  basic  character  of  the  rock  indicated  by  its 
mineralogical  composition,  is  clearly  shown  by  a  partial  analysis 
given  below.  For  comparison,  the  figures  for  the  same  con- 
stituents are  reproduced  from  published  analyses  of  other  rocks 
of  like  nature. 

I  (Smyth).     II  (Morrison).      Ill  (Peter  and        IV  (Hunt). 

Kastle). 

Lossonign 15-20  1267  16'65  12*77 

SiO    33-80  37-44  29-43  40-67 

Al.O, 6-84  28-60              2-36                    5-13 

Fe,0, 12-26  11-92              9-00(FeO)  8-12(FeO) 

CaO 9-50  5-45              694  

MgO 21-38  1-97  31-66  32-01 

Sp.gr 2-732  2-697  

I.  Manheim  Dike. 

II.  Ithaca  Peridotite.* 

III.  Elliot  Co.,  Ky.,  Peridotite.f 

IV.  Serpentine  from  Syracuse  Peridotite.| 

The  lack  of  closer  agreement  in  composition  of  these  four 
nearly  related  rocks,  is  readily  explained  by  the  .strong  tendency 
to  decompose  manifested  in  all  members  of  this  very  basic 
group.  But  despite  decided  variations,  they  are  all  very  low 
in  silica  and,  with  the  exception  of  No.  II,  high  in  magnesia 
and  iron.  The  altered  condition  of  the  Manheim  rock  is  shown 
by  the  loss  of  15*2  per  cent  on  ignition,  and  by  its  ready  ef- 
fervescence with  acids.  Though  the  iron  was  determined  as 
Fe,0„  it  doubtless  exists  in  the  rock  as  FeO  and  Fc^O^.     The 

♦  This  Journal,  voL  xlii,  p.  412.  |  Bulletin  38,  U.  S.  G.  S.,  p.  24. 
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large  percentage  of  lime  iB  partly  derived  from  the  materiil  d 
the  adjaficot  vein,  tlie  dike  naviiig  been  broken  hj  moTemeoB 
subsequent  to  its  cooling,  and  re-cemented  by  infiltration.  Tbit 
there  Lave  been  several  such  iiiovementB  alonf^  the  fanlt  plane 
ie  shown  by  a  series  of  sliekensidcd  vein  surfaces,  each  slicken- 
side  having  been  covered  by  a  layer  of  vein  stuff,  thus  afford- 
ing a  smooth  surface  for  the  recording  of  the  next  movement. 

The  foregoing  evidence,  microscopic  and  chemical,  is  enffi- 
cicut  to  class  the  rock  of  the  Manheitn  dike  a£  a  uiemberof 
the  peridotite  group,  and  of  that  division  of  the  groap  t» 
whieli  Lewie*  has  given  the  name  kimberlite.  It  is  a  well 
known  fact  that  the  peridotites  are,  of  all  igneoas  rocks,  tlie 
least  prone  to  produce  contact  metamorphism,  and  when  cu 
this  is  added  the  fact  of  the  extreme  narrowuess  of  the  dike, 
it  is  not  sarprising  that  no  clear  evidence  is  given  of  any  effect 
upon  the  enclosing  rocks.  Diligent  search  was  made  for  frag- 
ments of  these  rocks  included  in  the  dike,  but  none  were  foiiDil. 

Through  the  kindness  of  Professors  G.  H.  Williams  and  J. 
F,  Kemp,  the  writer  has  been  enabled  to  compare  sections  of 
the  Manheim  rock  with  sections  of  the  peridotites  of  Syracuse, 
Ithaca,  Elliot  Co.,  Ky.,t  and  Pike  Co.,  Arkansas4  The  Man- 
heim rock  differs  from  that  of  Syracuse  in  having  magnetite 
instead  of  chromite  and  in  the  absence  of  pyroxene  as  an 
essential  constituent.  In  the  former  respect  it  resembles  the 
Arkansas  rock,  and  in  the  latter,  the  Kentucky  rock.  In  bas- 
ing olivine  in  the  ground  mass  the  Manheim  rock  differs  from 
all  the  others.  But  in  spite  of  these  slight  variations,  the  H^e 
rocks  are  closely  related.  It  is  interesting  to  note  the  unfail- 
ing presence  of  perofskite  in  the  rocks  of  these  widely  separa- 
.ted  localities. 

As  regards  the  age  of  the  Manhciui  dike,  it  is  certaiuk 

unger  than  the  Ttica  slate,  and  its  mode  of  occurrem-e 
t-ith   some  degree  of  probability,  tin' 
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graphic  movement  are  periods  of  igneous  activity,  which  fact 
of  itself,  suggests  this  as  the  time  of  intrusion.  In  view  of 
this  fact,  as  well  as  the  similaritv  of  the  rocks,  it  .is  a  natural 
conclusion  that  the  dikes  of  Manneim,  Syracuse  and  Ithaca  are 
of  the  same  age,  dating  from  the  close  of  the  Carboniferous. 

In  this  connection  it  is  interesting  to  note  that  Mr.  Diller* 
suggests  the  close  of  the  Carboniferous  as  perhaps'being  the 
time  of  extrusion  of  the  Elliot  Co.,  Ky.,  peridotite,  which  cuts 
Carboniferous  strata,  though  the  very  slight  disturbance  in  that 
locality  leads  him  to  think  a  later  date  more  probable. 

Goologfical  Laboratory,  Hamilton  College,  Clinton.  N.  Y. 


Art.  XLL — A  Fulgurite frovn  WaterviUe^  Maine*  by 

W.  S.  Bayley. 

Through  the  kindness  of  Mr.  G.  K.  Boutelle  of  Waterville, 
Me.,  the  museum  of  Colby  University  has  come  into  the  pos- 
session of  a  fragment  of  fulgurite,  which,  when  unearthed 
from  the  midst  of  a  heterogeneous  collection  of  unlabeled  rock 
and  mineral  specimens,  was  found  to  be  wrapped  in  a  scrap  of 
paper  containing  the  following  inscription  : 

'*  This  sand  tube  was  taken  out  of  the  garden  of Gilbert, 

some  feet  below  the  surface,  after  a  thunder  storm,  during 
which  a  stroke  of  lightning  was  seen  to  fall  on  to  his  garden, 
where,  after  having  torn  up  beans  and  other  vegetables  in  an 
odd  manner,  it  was  tracked  by  a  long  tube  descending  through 
the  soil  and  sand.  I  had  one  specimen  which  my  children 
broke,  into  which  I  could  put  two  fingers — this  was  from  a 
part  lower  down.  The  garden  is  on  the  left  hand  side  going 
t6  Crummett's  Mills  bridge,  a  little  more  than  half  way  from 
the  Universalist  church  to  the  bridge." 

No  date  nor  signature  accompanies  the  inscription,  nor  can 
any  one  be  found  in  Waterville  who  knows  more  of  the  inci- 
dents connected  with  the  history  of  the  tube  than  the  paper 
itself  reveals.  The  church  mentioned  is  in  the  southern  portion 
of  the  city,  and  the  bridge  spans  the  Messalonskee  River,  which 
crosses  the  main  road  running  west  from  Waterville  about  half 
a  mile  west  of  the  church. 

The  sand  covering  the  surface  in  the  region  indicated  by  the 
above  description  is  probably  glacial.  It  consists  of  intermin- 
gled angular  and  rounded  grains  of  quartz,  feldspar  and  horn- 
blende, and  fragments  of  some  green  earthy  material  and  slate. 

The  portion  of  the  tube  that  has  been  preserved  measures 
about  three  inches  in  length  and  has  a  rudely  elliptical  cross 
section  with  axes  of  an  inch,  and  three  quarters  of  an  inch, 

§  Bulletin  38,  U.  S.  G.  S.,  p.  29. 
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respectively.  Its  exterior  surface  is  very  rongh  and  is  thiekh 
covered  with  eancl  grains,  while  its  ioterior  is  glazed  witn 
a  transparent  coatinjr  of  light  yellowish  ereen  glass  abont 
a  millimeter  in  thickness.  This  glass  with  its  adhering  sand 
grains  compose  the  tiilie.  A  very  close  inspection  of  the  glase 
uiecloscs  the  presence  in  it  of  tiny  whitish  enamel-like  portions, 
that  probably  mark  the  positions  of  some  refractory  particles 
that  were  not  completely  fused,  and  the  existence  of  nDmerons 
small  pores  that  may  represent  the  original  spaces  between  the 
grains. 

Tlie  corrugations  noted  by  Mr.  Merrill*  in  the  fnlgurites 
from  Whitosides  Co.,  III.,  are  very  noticeable  in  the  Waterville 
specimen,  bnt  instead  of  running  longitudinally,  as  in  the  first 
case,  they  poKsess  a  slightly  spiral  twist  in  opposite  directions 
on  opposite  sides  of  the  tube.  These  corrugations  or  "  wings  " 
are  covered  with  little  knobs,  that  are  hollow  spaces  enclosed 
within  walls  of  glass  and  sand.  Only  in  these  knobs,  however, 
are  the  ridges  hollow.  Throughout  their  greater  extent  the 
"wings"  are  merely  a  single  layer  of  glass  to  both  sides  of 
which  sand  grains  adhere  in  large  nnmbers.  The  continuity 
of  the  glaxs  acmss  the  corrugations  seems  to  lend  credence  to 
the  view  of  Merrill,  that  these  irr^- 
lariticti  .III  tin'  smfacw  nf  i^:uKl-fulgii- 
ritcs  arc  due,  not  t'">  the  collapsing  of 
the  walls  of  the  tube,  as  suggested  hy 
Wichinann,  but  to  the  selective  power 
of  the  electricity  in  directing  its  conrse 
through  the  sand.  That  the  corruga- 
tions are  original  structures,  due  to  the 
action  of  the  electric  current,  rather 
than  accidental  ones,  is  also  indicatcil 
I  twist  (see  tigure). 
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EiT.    XLII. — Mineralogical  Notes  on  Broohite^  Octahedrit£^ 
Quartz  and  Ruhy  ;  by  George  Frederick  Kunz. 

An  interesting  discovery  of  minerals  was  made  at  Placer- 
lie,  Eldorado  Co.,  California,  by  Mr.  James  Blackiston,  in  a 
lartz  ledge  running  north  and  south  and  dipping  eastward 
out  45°  to  50°.  The  rock  of  the  ledge  is  partly  decomposed 
d  partly  compact,  and  is  traversed  for  perhaps  a  hundred 
et  by  a  vein  of  crystallized  quartz  varying  from  six  to  four- 
3n  inches  in  width.     This  vein  is  also  decomposed  and  filled 

with  a  reddish  earth  and  sand,  and  can  be  dug  into  with  a 
ck  or  board.  It  is  full  of  quartz  crystals,  of  all  sizes  from 
at  of  a  man's  finger  up  to  remarkable  dimensions,  some  of 
em  weighing  as  much  as  80  or  90  pounds.  Several  of  these, 
er  fifty  pounds  in  weight,  were  pellucid  and  free  from  flaws : 
lile  others  have  peculiar  interest  from  remarkable  inclusions 

chlorite,  three  to  five  millimeters  in  thickness,  at  several 
pths  in  the  crystal — thus  marking  successive  stages  of  crys- 
-growth,  and  making  very  striking  "  phantoms,     generally 

green  chlorite,  or  white  quartz  layers.  Of  still  greater 
:ere8t,  however,  are  other  quartz  crystals,  two  to  four  inches 
)£r  and  half  that  amount  in  diameter,  containing  at  and  near 
3ir  centers  inclusions  resembling  groups  or  clusters  of  dolo- 
tc  or  siderite  crystals,  cream- wliite  to  brown  in  color,  and 
agisting  of  many  curved  rhombohedra  from  two  to  four 
llimeters  in  diameter.  On  breaking  the  specimens,  bow- 
er, the  curious  fact  appears  that  these  groups  are  hollow 
/ities  in  the  quartz,  the  spaces  being  lined  with  a  layer  of 
alcedony,  or  when  brown,  occupied  only  by  a  brown  siliceous 
iterial.  This  would  indicate  that  the  original  mineral  must 
ve  been  siderite  or  ankerite,  afterward  covered  up  by  suc- 
ssive  growths  of  the  quartz,  and  in  some  manner  decom- 
sed  during  that  process. 

After  receiving  some  of  these  specimens,  the  present  writer 
tected  a  small  crystal  of  octahedrite  adhering  to  one  of  the 
lall  quartz  crystals.  Search  was  then  instituted  at  the  local- 
r,  which  resulted  in  the  discovery  of  a  number  of  crystals  of 
»th  octahedrite  and  brookite,  some  loose  and  some  attached 

the  quartz.     The  octahedrite  is  in  splendent  crystals,  from 
TO  to  five  millimeters  in  length,  and  varying  in  color  from 
own  to  almost  a  dark  blue.     Their  form  is  that  of  the  unit 
Tarn  id  slightly  distorted  by  horizontal  striation. 
The  brookite  is  similarly  implanted  on  the  quartz,  and  partly 

wholly  overgrown  by  it,  so  as  in  some  cases  to  be  a  true 
elusion.  The  crystals  are  tabular,  about  two  millimeters 
oad  and  one-fourth  of  a  millimeter  in  thickness.    Their  color 
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ifi  a.  ricli  reddish  or  yellowish  brown,  and  they  are  free  from 
InclnsionB.  In  form  and  association  thej  closely  reeeiiille 
hroobitee  from  tlie  Tjrol  and  from  Maderananthal,  Svitzer- 
land,  lately  described  by  P.  Groth,*  von  Zepliarovicli+  anil  : 
Ziniatiyi  X  The  following  planes  were  kindly  ideutifieil  fi>r 
nie  by  Dr.  S.  L,  Penfield  of  Yale  University. 

a.      lOO.     i-r  t     021,     2-1  n,      121,      2-2 

r.      iml,      t)  X.     Iti2,      J.i  t.      134,      J-3 

/.     ain,    ,-ii         s,    iiM,    }.r  ft   23*.    i\ 

m.    nil,      /  f,     132,     1-3 

The  faces  were  small  but  gave  him  sufficiently  distinct  re^ 
flections  for  the  identitication  of  the  forms ;  the  pinacoid  a  v 
vertically  striated.  A  distinct  pleochroism  was  observed  for 
vibrations  parallel   to  a  pale  yellow,  and  parallel  to  c  reddish 

J'ellow.  Small  crystals  of  an  asparagns-green  epidote  ^ 
ong  and  2°'"  in  diameter  were  also  observed  partly  euclosedin 
tbe  crystals  of  quartz. 

Among  a  uuantity  of  minci-als  brought  to  me  for  sale  br 

fi>asants  at  Ujakova,  in  the  government  of  Perm,  Ural 
onntains,  was  a  crystal  weighing  25*4  grams,  which  wa^ 
olfered  as  gin-net,  but  I  at  once  recognized  it  as  a  monazitc  »\ 
remarkable  size.  This  crystal  measures  S3  millimeters  in 
breadth,  17  millimeters  in  length,  and  11  millimeters  in  width. 
and  presents  a  simple  form,  showing  the  planes  c(O01,  0).  ■' 
(100,  /-7)  and  m(110.  /).  I  was  told  that  one  of  the  nonian- 
ovskys,  Russian  mineralogists, — but  which  one  I  cannot  asoer- 
tain — had  purchased  two  of  these  so-called  "garnets"  implantM 
on  crystals  of  albite,  and  one  had  been  found  at  the  same 
locality  some  time  before. 

Owing  to  the  exploration  at  the  ruby  mines  of  Burma  duriiiff 
the  last  few  years  a  number  of  very  large  ruby  crystals  have 
been   found  In   the  niliy  mines  on  tlic  Moguk  neiir  M:inilai\v. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  the  Existence  of  Suspended  Matter  in  Flames, — It  has 
been  observed  by  Stokes  that  when  a  beam  of  sunlight,  con- 
densed by  a  lens,  is  passed  through  a  candle-flame,  the  area  of 
intersection  of  the  double  cone  of  light  with  the  luminous  envel- 
ope is  marked  by  two  brighter  patches  of  light  of  inappreciable 
thickness  which  exhibit  the  polarization  of  light  scattered  by  fine 
particles — that  is  to  say,  when  viewed  in  a  direction  perpendicular 
to  the  incident  light  it  is  polarized  in  a  plane  passing  through  the 
beam  and  the  line  of  sight.  These  patches  can  be  made  more 
conspicuous  by  viewing  the  whole  through  a  cell  containing  cop- 
per-ammonium sulphate  solution,  or  through  cobalt-glass.  The 
same  phenomenon  is  shown  by  a  luminous  gas  or  ether  flame  but 
not  by  the  blue  base  of  a  candle  flame  or  by  a  Bunsen  flame, 
even  when  rendered  luminous  with  sodium  chloride,  or  by  an 
alcohol  flame  or  by  an  ether  flame  just  expiring  for  want  of  air. 
The  separation  of  carbon,  or  carbon  associated  with  hydrogen, 
thus  rendered  evident  by  its  polarizing  effect  on  light,  is  due  to 
the  action  on  the  volatile  carbon  compounds,  in  the  absence  of  a 
sufficient  supply  of  oxygen  to  effect  complete  combustion,  of  the 
heat  evolved  by  the  more  complete  combustion  at  the  base  of  the 
flame.  In  the  case  of  the  dying  ether  flame,  the  heat  is  probably 
distributed  over  too  large  a  mass  of  inert  gases  to  effect  the 
decomposition.  The  thinness  of  the  stratum  of  glowing  carbon 
is  probably  due  to  the  combined  attack  of  oxygen  on  the  outside 
and  carbon  dioxide  on  the  inside. —  C/iem,  News,  Ixiv,  167;  J. 
Chem,  Soc,^  Ixii,  111,  February,  1892.  G.  f.  b. 

2.  On  the  use  of  Surface  Ihision  in  Analysis, — It  is  well 
known  that  any  liquid  may  be  made  to  roll  upon  itself  in  drops, 
these  drops  being  separated  from  the  main  body  of  the  liquid  by 
a  thin  stratum  of  vapor.  Gossai^t  has  applied  this  fact  to  the 
detection  and  estimation  of  impurities  in  liquids,  and  finds  it  of 
special  value  in  the  case  of  spirituous  liquors.  For  this  purpose 
a  drop  is  allowed  to  fall  from  the  height  of  a  millimeter  upon  the 
concave  meniscus  at  the  edge  of  the  vessel  containing  the  liquid. 
It  is  preferable  to  use  a  vessel  having  sloping  sides  so  that  the 
meniscus  has  a  hyperbolic  section.  By  the  addition  of  such  sub- 
stances as  citric  acid  or  glycerin,  the  liquid  is  rendered  viscous. 
If  two  pure  liquids  be  used,  the  separating  film  of  vapor  is  imme- 
diately absorbed  and  the  drops  of  one  liquid  never  roll  upon  the 
other.  If  however  the  supporting  liquid  contains  an  impurity, 
lest  drops  of  this  same  liquid  will  roll  upon  the  supporting 
liquid,  provided  either  that  the  two  liquids  contain  the  same  per- 
centage of  the  same  impurity,  or  that  this  percentage  varies  only 
within  fixed  limits.  With  care  these  limits  can  be  so  far  reduced 
that  it  becomes  possible  to  find  the  amount  of  impurity  present 
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uitliiD  oiiG  fi\'»  hundredtli  of  the  whole.  Each  impurity  behivn 
as  if  it  alone  were  present. —  6'.  li.,  cxiii,  637;  J.  Ckem.  Sof., 
Ixii,  'JS6,  February,  1892.  c.  f.  r 

3.  On  certain  Metallic  Ilydrosnlphides. — On  critically  eiamig- 
ing  certain  metutlic  sulphides  precipitated  in  the  ordinary  vsy, 
LiNDEK  and  Ph:ton  found  that  they  contained  combined  hydro- 
gen Bulphide,  forming  in  some  cases  definite  and  stable  com- 
Sounds.  Moreover,  higher  hydrosulphides  were  also  obtained,  of 
igh  molecular  mass,  which  under  the  laflnence  of  ^cids  undergo 
condensation  with  elimination  of  hydroRen  sulphide  and  which 
form  solutions  of  moderate  strength.  When  neutral  solutions  of 
certain  metallic  sails  are  allowed  to  run  into  a  solution  of  hydro- 
gen sulphide  in  excess,  a  solution  is  obtained,  clear  by  transmitteit 
fight,  which  in  some  cases  can  be  freed  from  its  uncorabined 
hydrogen  sulphide  by  a  current  of  hydrogen  without  causing 
precipitation.  Acids,  liowevcr,  and  metallic  salts  of  inorganic 
acids,  caused  precipitation.  To  eliminate  the  production  of  acids 
the  metallic  hydrates  or  sulphides  suspended  in  water  were 
treated  with  .hydrogen  sulphide  and  Bolutions  were  obtained 
which  were  clear  by  transmitted  light  although  strongly  flnores- 
cent.  The  authors  conclude  (1)  that  almost  all  the  metaU  pre- 
cipitable  by  hydrogen  sulphide  are  capable  of  forming  hydro- 
sulphides, {2)  that  in  some  cases  they  are  definite  compoDDdii 
fairly  stable  though  of  high  molecular  mass,  {3}  that  acids  canse 
these  hydrosulphides  to  lose  a  part  of  their  hydrogen  sulphide, 
thus  producing  compounds  of  progressively  higher  moleciihr 
mass,  (4)  that  by  dissolving  the  precipitated  sulphides  in  hydro- 
gen sulphide  watir  solutions  are  obtained  which  show  no"  ten- 
dency to  deposit  any  precipitate  even  after  months  of  standing. 
(5)  that  these  experiments  support  the  conclusion  that  snlphidet' 
themselves  are  in  most  cases  polymerides  of  a  very  high  molecu- 
lar mass,  (6)  that  hydrosulphides  of  copper  (UnS)..H  S,  (CuS),. 
II,S,  (CuS).„.II,S,  and  hydrosulphides  of  mei-cnry  (HeS)„.II,S 
and    (ngS)„.lI,S    havu    actually    been    obtained,    and"  (7)  thai 
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inning  a  solation  of  arsenons  oxide  in  acid  potassium  tartrate 
to  hydrogen  sulphide  water,  the  other  (ff)  by  similarly  treating 
solution  of  arsenous  oxide  in  caustic  soaa.  Both  these  solutions 
»ve  a  clear  yellow  color  by  transmitted  light  and  are  strongly 
aorescent.  The  fi  solution  keeps  rather  better,  depositing  only 
trifling  precipitate  in  a  year.  On  microscopic  examination, 
dution  a  was  oarely  resolved  with  1000  diameters,  solution  ft 
>t  at  all.  By  diffusion,  it  was  observed  that  the  tartrate  in 
»lution  a  carried  out  the  arsenic  particles  by  its  own  dilFusion. 
sing  Graham's  method  for  solution  ft^  the  solution,  contained  in 
wide-raonthed  bottle,  being  placed  in  a  large  beaker  and  covered 
ith  water,  it  was  found  that  after  32  days  there  was  no  sign  of 
[ffasion  ;  the  water  remaining  colorless  and  containing  no  arsenic, 
vidently  the  whole  of  the  sulphide  is  in  a  state  of  suspension, 
ntimony  hydrosulphide  solution  has  a  fine  orange-red  color, 
aly  slightly  fluorescent.  No  particles  could  be  detected  by  the 
licroscope  at  first,  but  after  dialyzing  for  ten  days  they  appeared, 
10  whole  of  the  sulphide  being  precipitated  when  the  dialysis 
?came  complete;  showing  a  progressive  condensation.  No' dif- 
ision  was  observed  into  a  tartrate  solution,  but  when  a  calcium 
ght  beam  was  sent  through  the  antimony  solution,  as  in  Tyn- 
ill's  experiment,  the  track  of  the  beam  was  marked  by  a  beau- 
ful  soft  red  glow,  the  light  of  which  was  completely  polarized, 
'ence  the  solution  has  no  true  fluorescence,  but  consists  of 
ceeedingly  minute  particles  in  suspension.  Nb  filtration  of  the 
dution  took  place  through  a  porous  cell,  nor  did  its  coagulation 
Bvelop  heat.  A  third  arsenic  solution  y  was  then  prepared, 
•om  an  aqueous  solution  of  arsenous  oxide.  It  resembles  the 
;her  arsenic  solutions,  but  is  stronger  containing  11  or  12  grams 
"  sulphide  in  a  liter.  Only  a  mere  trace  of  precipitate  occurred 
I  four  months.  Under  the  microscope  no  particles  could  be 
stected,  but  distinct  diff'usion  was  observed.  The  beam  of  light 
ive  a  soft  yellow  glow  completely  polarized.  The  author  con- 
udes  that  "  there  seems  to  be  no  satisfactory  reason  for  imagin- 
ig  the  existence  of  any  sharp  boundary  between  solution  and 
seudo-solution.  It  is  quite  possible  that  the  one  merges  by 
aperceptible  gradations  into  the  others." — J,  Choii,  Soc,  Ixi, 
J7,  February,  1892.  g.  f.  h. 

5.  On  Solution  and  Psemlo-solulioyi. — Continuing  the  above 
'searches,  Picton  and  Lindek  have  studied  the  character  of  a 
iriety  of  colloidal  solutions.  The  solutions  of  mercury,  anti- 
ony  and  arsenic  hydrosulphides  already  examined  present  a 
Ties  passing  from  matter  in  a  state  of  subdivision  not  too  tine 
>  allow  of  its  observation  under  the  microscope,  to  particles  so 
ae  as  to  diffuse  after  the  manner  of  ordinary  solutions.  Indeed 
'seuic  (x  is  made  up  of  particles  just  visible  under  the  niiero- 
lope,  arsenic  fi  contains  no  visible  particles,  while  arsenic  y  con- 
sts  of  particles  so  minute  as  to  be  diflusible.  Mercuric  sulphide 
issolves  in  hydrogen  sulphide  water,  and  the  vibrating  particles 
:e  readily  seen  under  the  microscope.     This  state  of  pseudo-solu- 
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tion  may  possibly  merge  gradually  into  that  of  true  Bolation  bj 
carrying  tne  sabdivision  farther  and  farther  until  finally  perhipa 
we  may  have  the  eiibstance  dissociated  into  ions.  Graham  tap- 
poaed  the  DOn-dialyzability  of  colloids  to  be  due  to  the  sJEe  of 
their  molecules,  which  wcic  too  largo  to  pawi  through  the  pom 
of  the  membrane.  Of  the  colloidal  solutions  examined  by  the 
fiuthors,  ferric  hydrate,  dissolved  in  ferric  chloride,  yielded  a 
fluorescent  solution  in  which  no  particles  could  be  detected  under 
the  microscope,  but  which  showed  a  dense  polarized  glow  when 
examined  with  a  beam  of  light.  After  being  dialyzed,  it  coaM 
not  be  filtered  through  a  porous  cell  nor  did  it  diffuse  in  wal«r. 
In  presence  of  hydrogen  chloride,  silicic  acid  showed  no  luminous 
beam  and  passed  readily  through  a  porous  cell.  A  dialysed  por- 
tion gave  a  feebly  luminous  beam.  Molybdic  acid  gave  only  a 
very  faint  track  of  light.  Cellulose  dissolved  in  Schweitxer's 
solution  showed  a  well  marked  glow  as  did  also  soluble  starch. 
The  latter  solution  did  not  diffuse.  Congo-red  in  neutral  wlution 
gave  a  well  marked  polarised  luminous  beam  but  did  riot  diffuse 
nor  filter  through  a  porous  cell.  In  alkaline  solution  it  filtered 
through  a  porous  cell,  but  showed  no  luminous  beam.  Oxyhic- 
inoglobin  in  water  gave  a  luminous  beam  perfectly  polarized,  but 
did  not  fitter  through  a  porous  cell.  Magdala-red  gave  a  aoii- 
)K>larized  beam  and  readily  Altered  through  a  porous  cell.  In 
these  experiments  we  pass  from  obvious  suspension  to  colloidal 
solution,  from  colloidal  aolntloii  to  non  cU'ctrolytic  crystal lizablc 
f'olution  and  from  these  it  is  probably  ouly  one  stc])  t'aither  to 
electrolytic  Koluiion)!.  This  change  may  be  regarded  as  coutin- 
uous.  The  case  however  is  not  one  of  mere  suspension.  Then.' 
must  surely  be  some  attraction  chemical  in  its  nature,  between 
the  molecules  of  water  or  of  hydrogen  sulphide  on  the  one  hand 
and  those  of  mercuric  sulphide  on  the  other.  So  that  in  every 
case  of  so-called  very  fine  suspension  there  is  a  certain  degree  yt 
nioleenlar  attraction  between  the  suspended  solid  and  the  solvent 
The  authors  therefore  consider  that  they  have  made  out  a  good 
■    fi/iiciK  ease  for  llie  bolJcf  that  the    "'  " 
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Eepontf  8ur  Us  Metaux,  Par  Alfrbd  Ditte.  Second 
jule,  4to,  pp.  64,  667.  Pjiiie,  1891.  (Vve  Ch.  Dunod.)— We 
ilready  noticed  the  first  part  of  this  excellent  and  exhaustive 
The  second  part  sustains  fully  the  high  standard  of  excel- 
previously  attained.  It  begins  with  magnesium,  zinc  and 
um,  then  treats  of  the  iron  group  of  metals,  and  of  alumi- 
then  considers  the  i*are  elements  of  the  cerium  and  yttrium 
8,  then  antimony,  tin,  bismuth,  tungsten,  molybdenum,  vana- 
silver,  lead,  mercury,  copper,  gold  and  the  platinum  group, 
the  earlier  part  the  thermochemical  relations  are  given  in 
equation  and  the  reactions  of  formation  of  compounds  are 
leveloped.  g.  f.  b. 

Solutions  by  W.  Ostwald,  Leipzig  ;  being  the  Fourth  Book 
jome  additions  of  the  second  edition  of  Ostwald's  Lehvbuch 
llgemeinen  Chemie.  Translated  by  M.  M.  Pattison  Muir, 
ridge.  316  pp.  8vo.  London  and  New  York,  1891  (Long- 
Green  &  Co.)  The  subject  of  solutions  is  at  once  one  of 
ost  interesting  and  difficult  of  those  which  belong  in  com- 
o  Physics  and  Chemistry.  It  is  one,  moreover,  in  which 
rapid  progress  has  been  made  of  recent  yeara  largely  as 
upon  the  theory  of  solutions  founded  by  van^t  Hoff.  The 
itation  of  the  whole  subject  in  its  modern  form  is  hence 
(at  service  to  English-speaking  students  and  this  work 
receive  from  them  a  warm  welcome.  As  stated  above,  the 
le  is  a  translation  of  part  of  the  last  edition  (1890)  of  Ost- 
3  great  work  on  Chemistry,  and  has  gained  greater  unity 
ompleteness  from  the  able  work  of  the  English  editor  as 
^  through  the  revision  by  the  author. 

IL     Geolocjy  and  Natural  History. 

Ueber  TertUirjfffa?izen  von  Chile ;  von  H.  Enijeluardt. 
ndlungen  dcr  Scnckenbergischen  naturfbrschenden  Gesell- 
t,  Band  xvi,  Frankfurt  a.  M.,  IHftl,  S.  629-692,  pi.  i-xiv. 
8  memoir,  announced  a  year  earlier  in  Isis,  describes  the 
plants  collected  by  Dr.  Ochsenius  chiefly  at  Coronel  and 
in  the  province  of  Concepcion  on  the  bay  of  Arauco,  west 
of  Chili,  a  few  from  Pun  la  Arenas  in  the  Straits  of  Magel- 
The  deposits  are  of  Tertiary  age,  believed  by  the  author  to 
)wer  Miocene  (Oligocene)  or  possibly  Upper  Eocene.  One 
•ed  and  one  species  are  distinguished,  only  one  of  which, 
drites  subsintpiex  Lx.,  from  the  Laramie  of  llaton  mountain, 
Mexico,  was  previously  known.  There  are  four  ferns,  one 
,  two  palms,  one  conifer  (Sequoia),  one  unnamed  species  of 
ira,  and  two  fruits  (Carpolites);  the  rest  are  all  dicotyledons 
onsist  of  leaf  impressions  only,  many  of  which,  however,  are 
)reserved.  In  determinin<x  these  latter  the  author  has  been 
d  by  the  hypothesis  that  they  ought  to  represent  the  ances- 
)f  now  living  South  American  forms,  and  has  referred  the 
it  part  of  them  to  genera  inhabiting  that  continent,  chiefly 
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ils  tro|>icaI  parU,  argiiiiiia;  tliat  tliey  have  migrated  northward  in 
later  times  with  t)ic  gradual  ailvance  of  the  reduced  tempentores 
in  tumijeratc  1  at i tildes.  The  deposits  were  laid  down,  according 
to  him,  anterior  to  thti  Andean  uplift,  and  the  genera  represent 
mainly  hydroniogatherins  of  Candollean  nomenclatare,  probt- 
bly  grown  on  low  chores  or  islands  in  a  warm  moist  climate. 
Whether  he  has  carried  this  theory  too  far  can  only  be  decided 
by  the  Bubsequcnt  discovery  of  more  abundant  material  from 
these  ami  other  deposits.  Certain  it  is  that  its  adoption  in  thii 
work  furnishes  a  new  basis  for  future  investigations  and  can  but 
lead  to  important  resnits.  For  example,  it  must  suggest  to 
those  engaged  on  the  fossil  tloras  of  the  Rocky  Mountain  regiw 
of  North  America  the  importance  of  comparisons  with  tropical 
American  genera.  Hitherto  very  little  has  been  done  in  this 
direction  and  our  investigations  have  followed  too  closely  the 
lints  of  European  authors.  Many  of  the  Chilian  forms  bear 
a  close  resemblance  to  some  of  the  most  problematical  ones  Ironi 
the  Fort  Union  and  Laramie  groups,  as  yet  chiefly  unpublished. 
Among  these  are  some  of  those  referi-ed  by  Engelhardt  to  Tetra- 
cera,  Triunifeita,  Ouratea  (Goniphia),  Casearia,  Myrisiica,  Phwlw, 
Oniphalea,  and  Algernotiia  (Tctraplandra),  which  have  not  hith- 
erto figured  in.  North  American  paleobotany.  l,  f.  w, 

i.  Miocene  Plants  /rum  Jfttrt/iern  Jiohemia  —  Ueber  fouUt 
lytaiizen  aiii'  Urlifircn  7'nJ^'cn  Norddii/twetut ;  von  H.  Engeliiaiept. 
ries.  Isis  in  Dresden. — Abhandl.  a,  1891,  pp.  20-42,  pi.  i. —  rekr 
die  Flora  <h:r  nher  deit  Brmtnkohlen  ftii/iiidlicften  Terliilrs'-hieli- 
tun  roH  JJitx  ;  von  !i.  Ksokliiakdt.  Nova  Acta  der  Ksl.  Leoji.- 
(.'arol.  ]>eulse.hen  Akad.  d.  Naturforscher,  lid.  Ivii,  No.  3,  ISSI, 
pp.  131  -■JIO,  pi.  iv-.vvii. — There  is  no  one  to  whom  the  science  i)f 
fossil  plants  is  more  indebted  in  these  days  than  Prof,  Kngellianll 
for  ninkiui;  known  the  rich  Tertiary  floras  of  different  parts  of  iht 
world.  Ills  investigations  arc  always  painstaking  and  his  ijlui"- 
traliona  are  exceedingly  clear  and  true  to  nature.  In  these  two 
papers  he  given  another  chapter  of  the  interesting  history  of  th* 
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lich  Europe,  on  account  of  the  east  and  west  trend  of  its  nioun- 
in  ranges  was  cut  oif  from  the  reception  of  the  polar  types  in 
eir  return  from  the  more  southern  regions  into  which  they  had 
«n  crowded  by  the  ice  sheet.  This  renders  these  forms  specially 
iportant  to  the  student  of  American  pre-glacial  floras,  and  many 
them  exhibit  close  relationships  to  those  of  our  western  de- 
•sits.  L.  F.  w. 

3.  Calcareous  Algce. — Fossile  Kalkalgen  axis  den  Famllien 
r  Codiaceen  und  der  Corallineen ;  von  Herrn  Rotiipletz  in 
dnchen.  Zeitschr.  d.  Deutsch.  geol.  Gcs.,  Bd.  jcliii,  1891,  S. 
5-322,  pi.  xv-xvii. — Dr.  Rothpletz  has  here  monographed, 
iefly  from  the  standpoint  of  their  internal  structure,  the  two 
milies  of  fossil  Alga3  named  in  the  title  so  far  as  his  material 
>uld  permit,  confirming  the  views  of  Meuiiiei-Chalmas  and 
hers,  that  many  of  the  objects  heretofore  classed  with  the  For- 
linifera  and  other  animal  groups  are  really  plants.  The  forms 
i^ated  are  referred  to  the  three  genera  Sphterocodium,  Girvan- 
ia,  and  Lithothamnium,  of  the  last  of  which  he  describes  four- 
en  species,  and  of  the  other  two  one  each.  They  range  from 
e  Rhetic  to  the  Pliocene,  but  the  Girvayiella  j'^ohlematlca 
mes  from  the  Ordovician  of  Ayrshire  and  was  treated  by  Nichol- 
n,  Etheridge  and  Wethered  as  of  doubtful  affinilies.     l.  f.  w. 

4.  On  the  fructification  of  Bejinettitea  Gibsoiiianus^  Carr. ; 
r  H.  Graf  zu  Solms-Laubach.  Annals  of  Botany,  vol.  v,  No- 
mber,  1891,  pp.  419-454,  pi.  xxv,  xxvi. — A  notice  of  this  me- 
oir  as  it  appeared  in  the  Botanische  Zeitung  in  1890  will  be 
and  in  this  Journal  for  April,  1891   (vol.  xli,  p.  331).     As  it 

based  entirely  on  English  material  the  editors  of  the  Annals 
.ve  regarded  it  ag  worthy  of  reproduction  in  English  for  the 
nefit  of  its  readers  for  whom  it  might  be  otherwise  inaccessible. 
ae  translation  was  intrusted  to  Mr.  II.  E.  Garnsey  of  Magdalen 
)llege,  Oxford,  who  has  recently  translated  the  Count's  £Jinlei- 
ng  in  die  Phytopfdfiontologie.  As  was  pointed  out  in  a  recent 
view  of  his  translation  of  the  latter  work  (Science,  vol.  xviii, 
BC.  25,  1881,  p.  361),  this  memoir  contains  important  niodifica- 
>n8  of  the  views  of  the  author  therein  expressed  which  should 
kve  been  introduced  into  the  English  edition.  l.  f.  w. 

5.  ItC  NeluDibium  Provinciale  des  Lignitei<  CretackH  de  Faveau 
Provence;  par  le  Marquis  G.  de  8a porta.     Mi' moires  de  la 

>c.  Geol.  de  France,  tome  i,  Fasc.  3,  Mem.  No.  0,  Paris,  1890, 
>.  9,  pi.  xii-xiv, — These  deposits  have  hitherto  furnished  very 
tie  paleontological  evidence  of  their  age  which  has  been  in  con- 
ierable  doubt.  M.  de  Lapparent  placed  them  in  the  Danian  or 
treme  upper  Cretaceous  above  the  Maestricht  beds,  while  the 
esent  author  regards  them  as  occupyinu"  the  level  of  the  (tos:iu 
alk  equivalent  to  the  Campanian  of  the  French  ix^^ologists. 
16  remarkable  aquatic  plant  here  described  cannot  he  said  to 
row  much  light  on  this  question  although  it  bears  the  marks  of 
greater  antiquity  than  any  other  of  its  kind  thus  far  found  in 
e  fossil  state.     But  besides  the  Nelumbium,  the  Marquis  Saporta 
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fignrex  in  tliis  paper  from  the  Kame  beds  several  other  appareath 
aquatic  plants,  a  palm  and  three  conifers.  Two  of  these  litt^, 
FreneiopKig  Hoheneggeri  aii<l  Geinitzia  erelacfa  arc  imlicative  of 
an  even  earlier  period,  l.  p.  v. 

fl.  Recherchet  s>ir  la  Vfykation  du  niveau  AquiUmieii  4t 
Manosquf  ;  par  le  ilarquis  G.  dk  Sapokta.  Meinoireit  lie  la  Sit 
Geol.  de  France,  tome  ii;  I,  Nymplieinees,  Fasc.  i,  Mt^in.  So.  9, 
pp.  22,  pi.  iii-vi;  II,  Palmiers,  Fasc.  2,  Mem,  No.  ft,  pj..  i.l-3t, 
pi.  ix-xL — Tbe  lirst  of  these  papers  treats  of  some  important  re- 
L-ent  discoveries  of  Nympheaceoiw  plants  in  the  heds  of  Mano^que, 
Cercste,  and  Bois  d'Asson,  chiefly  by  local  collectors,  llie  [irinci- 
pal  of  whom  are  M.  Nalin  and  Mile.  Rostan.  The  flora  of  thne 
deposits  as  previously  published  by  the  author  is  reviewed  ami 
the  new  Bpccies  described  and  fully  illustrated.  These  include  five 
species  of  Kympba;a,  one  of  And'clomcria,  and  one  of  Nelumhium. 
Associated  with  these  was  found  a  Ceratophyllum  (6*.  nqmUmi- 
cum),  and  the  view  is  expres.<)ed  that  this  anomalous  geon*  i^ 
really  related  to  the  Nymphieacew,  This  view  had  already  been 
suggested  by  Brongniart  based  on  the  similarity  of  the  seedn,  bat 
moat  anUiors  put  this  genus  in  an  apetalous  order  by  itself,  though 
Kaillon  places  it  in  the  PiperatT.-c.  The  second  of  those  menioir- 
deals  in  like  manner  with  the  palms  of  these  collections,  of  wliicli 
there  is  one  si)ecies  each  of  the  genera  KlabeJIaria,  Sabal,  and 
Plitpnicites.  The  author  indulges  in  some  important  speculations 
upon  the  origin  and  development  of  these  elements  of  the  Euro- 
pean Tertiary  flora  and  its  relations  to  that  of  the  present  day. 

L,  F.  w. 

7,  The  Fauna  of  llritish  India,  includiiiff  Ceylon  and 
Burma.  Mammalia,  Part  II,  by  \V.  T.  Blaxfokd.  F.H.S. 
Published  under  the  authority  of  the  Secretary  of  State  for 
India  in  C-ouncil. — Pari  I.  of  Dr.  Hlanford's  systematic  work  on 
the  Mammals  of  Indin  appo.ired  in  lf)S6,  and  is  noticed  in  vol. 
xxxvi.  of  this  Journal.  This  Second  Part  of  this  valushle 
e  which  concludes  the  work,  making  in  all  a  volume  of  6IS 


APPENDIX. 


'.  XLIII. — Recent  Polydactyle  Horses  ;  by  O.  C.  Marsh. 

I  this  Journal  for  June,  1S79,  the  writer  made  a  brief 
mary  of  the  facts  then  known  to  him  in  regard  to  existing 
es  with  extra  digits,  especially  in  relation  to  the  extinct 
ies  he  had  discovered  in  the  Rocky  Mountains,  and  also 
)  figures  of  typical  examples  of  existing  and  fossil  forms. "'^ 
16  then,  he  has  collected  much  material  bearing  on  the 
ition,  particularly  of  extinct  horses,  and  an  illustrated 
loir  on  this  subject  has  long  been  in  preparation.  Of 
nt  forms,  a  number  of  polydactyle  specimens  have  likewise 
I  secured,  some  of  which  show  new  anatomical  points  of 
rest,  and  are  discussed  in  the  present  communication. 
1  the  article  above  cited,  various  recorded  instances  of 
a  digits  in  the  horse  are  mentioned,  some  dating  back  to 
beginning  of  the  last  century.  A  much  earlier  notice  is 
account  of  the  famous  steed  of  Julius  Caesar,  given  hy 
tonius  {de  vita  Cmsaris^  LXVI),  to  which  a  classical  friend 
recently  called  the  attention  of  the  writer.  According  to 
historian,  Caesar  "  used  to  ride  a  remarkable  horse,  wliich 
feet  that  were  ahnost  human,  the  hoofs  being  cleft  like 
It  was  born  in  his  own  stables,  and  as  the  soothsayers 
ared  that  it  showed  its  owner  would  be  lord  of  the  world, 
eared  it  with  great  care,  and  was  the  first  to  mount  it; 
ould  allow  no  other  rider." 

is  now  known  to  every  one  familiar  with  the  modern 
e,  that  the  main,  functional  toe  of  each  foot  is  the  third 
t,  corresponding  to  the  middle  linger  of  the  human  hand 
foot.     In   addition  to  these,  two  "  splint  bones,"  one  on 

side  of  the  main  cannon  bone,  are  present  beneath  the 
.  It  is  not  so  well  known,  however,  that  the  latter  are  the 
nants  of  two  other  toes  possessed  by  ancestors  of  the  horse. 

olvdactyle  IIorseH,  recent  and  extinct,  this  Journal,  III,  vol  xvii,  p.  497,  June, 
see  aU*o  by  the  writer.  New  Kiiuino  Mammals  from  the  Tertiary,  Had.  vol. 
.  247,  March,  1874;  Fossil  Horses  in  America.  Am.  XaturaUst,  vol.  viii,  p. 
ilay,  1874  ;  and  Introduction  and  Succession  of  Vertebrate  Lite  in  America, 
ournal,  vol.  xiv,  p.  338,  November,  1877. 
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These  slender  metapodial  bones  still  represent  the  second  asd 
fourth  digits,  and  are  shown  in  their  usaal  position,  in  tigum 
1  and  2.  One  or  more  of  these  splint  bones  may  become 
enlarged  below,  and  support  phalanges,  forming  another  di^t 
beside  the  main  one,  either  beneath  the  skin,  or,  more  com- 
monly, developing  into  a  small,  external  toe  with  hoof. 


FiouRE  1. — Kore  foot  of  modem  horse  (aormal).     - 

FioiiBB  2.— Iliud  toot  of  Bflme  animal. 

FiouKE  3.  —Fore  foot  of  "  Cliquo.  the  horne  with  aix  (eel "  (polydaclrlel 

Figure  i. — Hind  foot  of  same  animal.     All  led  Teet,  sad  one  eighth  natural  sii 
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allied  topics.  In  the  present  paper,  it  is  intended  merel;  to 
state  the  more  important  facts,  and  what  they  indicate,  leaving 
the  fall  diBCnsaion  for  another  occasion. 

The  cases  of  supernumerary  digits  in  the  existing  horse  now 
known  to  the  writer  may  be  roughly  classified,  as  follows: 

(1)  An  extra  digit  on  one  foot.  This  ia  always  much  smaller 
than  the  main,  or  third,  digit,  the  largest  seen  being  about  one 
half  its  size,  and  the  smallest,  very  diminutive.  This  extra 
toe  is  almost  invariably  on  the  inner  side  of  the  main  digit, 
and  usually  on  the  fore  foot.  Isot  infrequently  it  may  be 
entirely  beneath  the  skin,  the  only  external  evidence  of  it  being 
a  prominence,  which,  on  close  examination,  will  often  be  found 
to  contain,  below  the  splint  bone,  two  or  more  movable  phal- 
anges, but  sometimes  only  a  single  one,  and  very  small 

(2)  A  corresponding  extra  toe  may  be  present  on  the  other 
fore  foot,  equally  developed  with  the  opposite  one,  but  occa- 
sionally much  smaller,  or  even  concealed  nnder  the  akin, 

(3)  A  second  extra  digit  may  exist  with  those  al)ove  described, 
but  outside  the  main  digit.  This  toe,  as  a  rule,  is  smaller  than 
the  inner  one,  but  may  equal  or  exceed  it. 


FiaUBB  6. — "  Clique,  tho  home  with  sii  feet,"  showiDg 
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(4)  With  the  extra  inner  toes  of  the  fore  feet,  another  of 
equal  or  emalter  Bize  may  be  present  on  one  or  both  of  the 
liind  feet,  almost  always  on  the  inside.  Usually,  however, 
these  poEterior  toes  are  much  smaller,  and  often  beneath  the 
skin,  when  the  anterior  extra  digits  are  well  developed.  An 
example  of  the  equai  development  of  all  the  inner  toes,  fore 
and  aft,  is  shown  below  in  heure  6,  which  represents  an  animal 
examined  dnring  life,  by  the  writer.  Occasionally  the  hind 
feet  may  each  have  two  extra  digits,  while  the  fore  feet  have 
only  one,  as  in  the  horse  shown  in  tigure  7. 

(5)  In  rare  eases,  both  fore  and  liind  feet  may  each  have  two 
extra  digits  fairly  developed,  and  all  of  nearly  equal  size,  thnp 
corresponding  to  the  ftet  of  the  extinct  Protokij>pm,  wliieb 
are  represented  in  the  diagram  on  page  355. 

(6)  Soraetiinefi,  besides  the  extra  toes  above  descril>ed 
(which  appear  to  be  always  the  second  and  fourth),  the  first 
digit,  or  pollex,  may  be  represented  by  its  metacarpal,  sup- 
ported by  a  distinct  trapezium,  all  beneath  the  skin.  In  snob 
cases,  the  fifth  digit,  corresponding  to  the  little  finger  of  tbe 
human  hand,  alone  is  wanting.  Three  examples  of  tliis  fonr- 
toed  polydactylisin  are  preserved  in  the  Yale  Mnseum,  and  one 
of  tliem  is  shown  iu  figin-e  3.  This  type  is  of  special  im|X)r 
tance,  and  is  described  more  fully  below. 

The  horse  which  best  represents  this  type  was  examined 
casually  by  the  writer  when  it  was  alive,  and  at  its  deatb 
was  presented  to  him  for  the  Yale  Mnseum  by  the  owner, 
Tlieodore  F,  Wood,  of  New  Jersey.  The  animal  was  widelj 
known  to  the  general  public  as  "  Clique,  the  horse  with  ik 
feet,"  having  been  exhibited  for  many  years,  in  this  countrT 
and  in  Europe-  He  was  said  to  be  from  Texas,  and  at  bis  dcalli, 
in  January,  1891,  wiis  very  old.  This  horse,  when  alive,  showed 
an  extra  digit  of  good  size  on  the  inside  of  each  fore  foot,  and 
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phalanx  and  its  seBamoid.     In  other  respects,  the  limbs  were 
well  shaped,  aod  in  fair  condition  for  so  old  a  horse. 

After  the  death  of  the  animal,  a  eai-cfitl  dissection  of  the 
feet  waB  made,  and  several  points  of  interest  became  apparent. 
First  of  all,  in  the  fore  feet,  the  presence  of  the  first  digit 
waa  demonstrated  by  a  robust,  splint  metacarpal  abont  half  tne 
length  of  the  main  cannon  bone.  This  splint  was  supported 
above  1^  a  large  trapezium  having  the  usual  articulations  of 
that  bone  in  ito  fnll  development.  The  first  digit,  as  present 
in  the  left  foot  of  this  horse,  is  shown  above  in  tigore  3.  In 
the  opposite  fore  foot,  this  digit  is  also  represented,  and  equally 
developed,  as  seen  in  figure  8. 


FIOUBE  6. — "  Eight-footed  Cuban  horse," 


dijrit  on  each  foot. 


The  second  metacarpal  of  the  left  fore  foot  is  quite  la^e, 
and  fully  developed  above  and  below,  bnt  its  shaft  is  coossifled 
with  the  main  metacarpal.  The  line  of  the  snturc  uniting  the 
two  is  still  strongly  marked,  as  shown  also  in  figure  3.  The 
phalanges  and  sesamoids  are  all  well  developed,  and  had  this 
toe  been  long  enough  to  reach  the  ground,  it  would  have 
afforded  a  strong  lateral  support  to  the  main  digit.  The  latter 
poBseeees  no  ma^ed  pecnharities  except  that  the  onter  side  is 
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more  developed,  especially  in  the  coffin  boDe.  The  fourth 
digit  18  represented  by  ft  strong  splint  bone  similar  to  that  in 
the  normal  foot  of  the  existing  horse.  The  opposite  fore  foot 
appears  to  correspond  in  all  respects  with  the  one  here 
described  and  figured. 

The  hind  feet  of  this  animal  present  some  farther  pointe 
of  importance.  The  first  digit  is  wanting,  bnt  the  first  cunei- 
form bone  is  present,  and  well  developed.*  The  second  digit 
is  represented  by  a  strong,  complete  metatarsal,  coossified  alon^ 
its  main  shaft  with  the  lai^  cannon  bone  of  the  third  digit, 
bnt  with  both  extremities  free.     It  was  supported  above  bv 
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two  united  cuneiform  .bonee.  The  }ower  extremitv  of  tbie 
metatarsal  carried  a  aingle  phalanx,  with  a  posterior  eeeamoid 
evidently  formed  of  two  bones.  The  main  cannon  bone 
and  its  phalanges  show  no  marked  peciiliiirities  except  some 
obliquity.  The  fourth  digit  \s  represented  by  a  large  splint 
metatarsal,  as  shown  in  tignre  1.  The  opposite  hind  foot 
appears  to  be  similar  in  alT  respects,  except  that  the  three 
amall  cuneiform  bones  are  separate,  as  shown  !n  figure  9. 


PiGUR#8.— IWght  carpalB  and  melacarpala  of  -Clique." 

FlBrns  9. — lUgbt  torsaJB  and  melstaraals  of  aamo  animal.  One  fourth  natural  size. 

a,  aetragttliit ;  c,  csJcaneum;  eb.  cuboid:  1,  2,  3,  i.  cuneiform  bones;  I,  lunar; 

m,  magnum  :  n.  navicular;  ji,  piBifonn:  a,  scaphoid  ;   Id,  trapezoid  ;  tm.  tmpe^um. 

In  no  case  examined  by  the  writer  has  there  been  conclnsive 
evidence  of  any  extra  digit  except  one  of  a  trne  pentadactyle  foot, 
such  as  is  now  known  in  the  ancestry  of  the  liorse.  In  every 
specimen  examined,  where  the  carpal  or  tarsal  series  of  bones 
were  preserved,  and  open  to  inspection,  the  extra  digits  were 
supported  in  the  nsual  manner.  No  instances  of  true  digital 
division  were  observed,  although  such  eases  might  be  expected. 
It  is  noteworthy  that  none  of  the  extra  toes  examined  repre- 
sents the  fifth  digit,  although  the  reappearance  of  this  rather 
than  the  first  might  naturally  be  looked  for.  No  digit  has 
been  noticed  with  more  than  three  phalanges. 

A  large  majority  of  the  polydaetyle  horses  known  to  the 
writer  in  this  country,  have  been  raised  in  the  Southwest,  or 
from  ancestry  bred  there,  so  that  their  connection  with  the 
Mnstangs  or  semi-wild  stock  of  that  region  becomes  more  than 
probable.  It  is  well  known  that  the  tendency  to  reversion  is 
much  stronger  where  animals  rnn  wild,  and  this  fact  mnst  be 
taken  into  consideration  in  discussing  the  present  question,  for 
the  late  ancestors  of  the  Mastang  were  certainly  wild  for  at 
least  seversl  hundred  years. 


S46  O.  C.  Martth — liecent  Polydacti/U  //ones. 

No  example  of  extra  di^te  lias  been  obeerved  by  the  writer 
in  any  wild  species  of  existing  eqnine  mammale  of  the  old 
world,  or  their  immediate  descendants,  altliongh  it  ie  endeot 
that  such  cases  are  prolialile,  and  careful  observation  wonld 
doiibtlcBs  brin^  them  to  hght,  especially  if  made  in  the  native 
haunts  of  those  animals. 


Many  examples  of  polydactyie   feet   in   the   recent   horse, 

preserved  in  muBeiiinti,  bnvn  been  cut  off  below  the  carpup  or 
tarsus,  and  thus  tlie  real  significance  of  tne   extra  digits  lias 
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(3)  The  presence  of  five  diatlDct  bones  in  the  second  row  of 
the  tarena.  One  of  these  is  the  eaboid  fnlly  developed  ;  n^xt, 
the  external  cuneiform  bone  supporting  tlie  groat  metatarsal  \ 
then  three  smaller  bones  on  the  tibial  sxAg..  These  five  tarsals 
correspond  either  to  those  in  the  reptilian  foot,  or  the  firat 
may  be  regarded  as  a  sesamoid,  and  the  cnboid,  as  double 
(including  the  fourth  and  tifth),  a£  it  is  now  usually  con- 
sidered by  anatomists.  Another  explanation  may  be  suggested ; 
namely,  that  the  inner,  pendent  bone  is  a  remnant  of  the  first 
metatarsal.  Snch  a  rudiment  apparently  exists  in  some  fos- 
sil horses,  and  its  appearance  in  tlie  hind  foot  of  a  recent 
animal  which  had  the  first  digit  of  the  fore  foot  so  well  repre- 
sented would  not  be  strange.  The  bone  usually  regarded  as 
the  inner  enneiform  in  the  existing  tapir  and  rhinoceros  may, 
perhaps,  include  the  same  remnant.  In  the  modem  horse,  this 
lx>ne  IS  sometimes  double,  but  the  specimen  represented  in 
fgure  9  shows  that  it  may  be  composed  of  three  elements. 


The  frequent  reappearance  of  the  second  digit  as  an  extra 
toe  in  the  modern  norse  would  seem  to  indicate  that  this 
feature  was  functional  in  a  late  ancestor,  but  no  fossil  equine 
with  two  toes  has  yet  been  found.* 

The  presence  of  four  toes  in  the  fore  feet,  each  supported 
by  its  true  carpal  bone,  is  a  fact  of  much  importance,  and  is 
clearly  a  case  of  reversion.     The  four  distinct  cuneiform  bones 

*  A  small  apecies  ot  Fliohippua  from  the  PIloccdq  of  Orpiron  may  be  aa  eicop- 
tkiii.  Ad  iticonplete  hiod  foot  <□  the  YhIo  Museum  Rhous  tlip  raroDd  TDcUttareal 
u  a  aplJDt  bone,  the  third  very  long  and  ilender,  and  thi-  faiirtli  ko  well  developed 
(bat  it  probablj'  supported  pbalangee.  This  mn;  also  W  a  cn»  ' 
The  Jpedea  ia  new.  and  nui;  be  called  FlioMppue  gracilit. 
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in  the  hind  foot  of  the  same  animal  ofier  another  point  of  inteiwt, 
especiaDy  in  connection  with  the  correBpondiiig  carpal  eeries. 

The  hoofs  of  the  extra  digits  of  the  modem  horse  vary 
much  in  size  and  form  at  birth,  and  are  Btibsequentlj  affected 
by  tlic  aurroundings  of  the  animal,  and  the  care  it  receives. 
If  these  hooflets  are  low  enongh  to  reach  the  groand,  their 
growth  is  checked  by  wear,  like  the  large  hoof,  although  id 
Teas  degree.  As  the  main  hoofs  will  become  of  abnomul 
length,  and  more  or  less  twisted,  if  the  animal  is  confined  to 
soft,  boggy  ground,  so  the  extra  hoofs  having  no  wear,  and 
receiving  no  pruning,  often  become  much  elongated  and 
carved,  or  by  trimming  may  assume  the  form  of  a  spar  or 
horn.  The  "horned  horse  from  Texas,"  shown'  in  outline  in 
figure  7,  probably  received  some  attention  of  this  kind,  as  the 
hooflets  are  much  more  pointed  than  any  examined  persoDallv 
by  the  writer. 

The  cleft  seen  in  the  last  phalanees,  or  hoof  bonee,  of 
Orolnopua  and  other  fossil  equines,  and  occasionally  present  in 
the  comn  bone  of  the  modern  horse,  is  inter^ting,  i>nt  of  no 
special  significance.  It  certainly  does  not  represent  the  nnion 
of  two  digits,  as  frequently  supposed,  and  sometimes  asserted 
by  scientific  writers. 

The  tapir  has  the  most  primitive  feet  of  existing  peris- 
sodnctyles,  and  most  like  those  of  the  early  predecessors  of  the 
horse.  The  feet  of  the  Middle  Eocene  OroMppue  were,  in 
fact,  very  similar  in  strncture,  as  will  be  seen  by  comparingthe 
manns  and  pes  of  each  as  shown  in  figures  10-11,  and  lfr-17. 
The  living  rhinoceros  has  feet  of  the  same  general  type,  but 
less  primitive  (figures  12-13),  while  the  modern  horse,  when 
normal,  has  the  extreme  specialization  of  the  monodactyle  foot. 
*  '  "   '      indicates  a  polydaetvle 
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Id  the  horse  and  its  atlies,  recent  and  extinct,  the  axis  of 
each  foot  paeseB  through  the  middle  of  the  main,  or  third,  digit, 
while  in  all  the  socalled  even-toed  mammals,  the  axis  is  always 
along  the  side  of  thie  digit.  Thie  is  the  essential  difference 
between  the  feet  of  the  two  groups. 

The  names  Meaaxonia  (middle  axis)  and  Paraxonia  (side 
axis)  proposed  by  the  writer  in  1879,*  as  substitutes  for  Owen's 
terms,  are  more  exact  definitions,  but  thus  far  have  not  met. 
with  general  favor,  for  it  seems  almost  impossible  to  dislodge 
an  established  error  in  science.  The  term  "coral  insect,"  tot 
example,  of  the  older  writers,  still  maintains  its  place  in 
iular  science,  and  even 


popi 


i  modern  text  books. 


FieuBB  H. — Fore  foot  of  oldest  fosail  horae.  Eo/ii/ipus  jifraix.  liarvh. 

FIOOBE  15. — Hind  foot  of  xatiic.     Lower  Koci'iie, 

FiacBE  16. — Fore  fool  of  OrohippM  aji7i>.  Marsh  (tyjic). 

FlGUKB  n.— Hind  loot  of  same.  Ukidle  Eocene.  AUleft  fwt.  oiielmlfniitiiralaiie. 

In  explanation  of  the  extra  digits  of  the  recent  horse,  two 
views  have  been  advanced :  (1)  that  they  iire  reduplications 
of  the  main  digit,  like  the  occasionul  sixth  finger  of  the 
Iiaman  hand,  or  result  simply  from  a  division  of  this  toe;  (2) 
that  they  are  true  cases  of  reversion  to  a  polydactyle  ancestor. 
The  former  view  was  long  held  by  writers  on  the  subject,  and 
*  This  Journal,  vol.  ivii,  p.  501,  June,  IS79. 
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is  Btill  maintained  eseeatially  by  some  eniiDent  anatomiatL* 
The  large  nnmbcr  of  cases,  however,  now  investigated  br 
tlic  writer  make  it  probable  tliat,  for  most  instances,  at  leui, 
the  second  explanation  is  the  true  one. 

In  the  Ciise  of  horses,  recent  and  extinct,  the  qneation  of 
atavism  is  much  siinpliticd,  as  they  start  with  a  pentadictWe 
form,  and  each  successive  change  in  the  modifi  cat  ions  of  the 
limbs,  and  of  the  feet,  and  likewise  in  the  dentition,  can  be 
traced  through  a  regular  series  from  the  early  Tertiary  down 
to  the  present  time.     Nearly  every  instance  of   polydactrlisni 
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served  in  the  modern  horse  has  its  counterpart  in  some 
cinct  species  now  known,  and  it  is  not  at  all  improbable  that 
;ure  discoveries  will  bring  to  light  examples  corresponding 
the  present  apparent  exceptions. 

All  the  examples  of  polydactylism  in  the  horse  which  the 
iter  has  had  opportunity  to  examine  critically  are  best 
plained  by  atavism,  and  many  of  them  admit  no  other 
Lution.  Taken  together  with  the  fact  now  known  of  their 
eat  frequency,  they  clearly  indicate  the  descent  of  the  horse 
>m  comparatively  recent  polydactyle  ancestry. 
The  writer  has  traced  back  the  genealogy  of  the  horse 
rough  various  stages,  to  a  form,  Eohippua^  in  which  all  live 
es  were  represented,  and  has  likewise  given  an  explanation 
the  change  which  in  succeeding  forms  has  reduced  the  num- 
jr  to  one  ifunctional  digit,  as  in  the  existing  horse.  It  is  in 
ese  extinct  species  that  the  true  solution  of  the  problems 
lating  to  the  extra  digits  of  the  modern  horse  is  to  besought. 
I  the  various  papers  cited  at  the  beginning  of  the  pre.-ent 
tide  will  be  found  the  main  facts  relating  to  the  ancestry  of 
le  horse  as  made  out  by  the  writer  from  American  forms. 

The  oldest  ancestor  of  the  horse,  as  yet  undiscovered, 
idoubtedly  had  five  toes  on  each  foot,  and  probably  was 
>t  larger  than  e  rabbit,  perhaps  much  smaller.  This  hypo- 
letical  predecessor  of  the  horse  can  now  be  predicated  with 
trtainty  from  what  is  known  of  the  early  hoofed  mammals. 

may  be  called  Hippopa^  and  its  remains  will  be  found  at  the 
ise  of  the  Tertiary,  or  more  likely  in  the  latest  Cretaceous. 

still  more  primitive  ancestral  form,  and  next  older  in  the 
tries  of  Ungulates,  will  show  the  more  generalized  characters 
:  the  group  called  by  the  writer  Iloloaactyla  (Dinocerata,  p. 
r2),  from  wlrich  both  the  Perissodactyles  and  the  Artiodac- 
'les  branched  off  before  the  equine  line  became  distinct. 
It  is  impossible  to  say  from  what  generalized  form  the  horse 
tie  first  separated,  but  at  present  the  probabilities  point  to  a 
3nus  allied  to  the  Eocene  llyracotheriuin^  Owen  (1889),  as  the 
em.  In  the  latter  genus,  the  molar  teeth  are  of  the  bunodont 
'pe,  the  tubercles  being  conical  and  distinct.  Similar  teeth 
•e  characteristic  of  suilline  mammals,  and  from  the  teeth 
one,  the  two  groups  could  not  be  distinguished,  but  it  is  now 
robable  that  the  latter  appeared  as  a  distinct  group  later  than 
le  equine  mammals,  and  that  their  oldest  representatives  were 
jry  diminutive  in  size. 

The  American  representative  of  Hyracotfiermvi  was  first 
ascribed  by  the  writer  under  the  name  Ilelohyxts^^  and 
lother  form,  nearly  allied,  as  Thinotherium^  all  three  being 

♦  This  Journal,  vol.  iv,  pp.  207,  208,  September,  1872. 
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at  tirst  Bupposed  to  have  close  affinities  with  aailliDe 
Some  of  the  latter  ina;y-,  in  fact,  be  inolnded  in  the  apeeis  ' 
referred  to  these  genera.  Varions  perisBodactjle  forms,  also 
from  tiie  Eocene  of  this  country,  have  since  been  described  b; 
Cope  under  the  generic  name  J^hetianodus  (1873).  which  is 
clearly  identical  with  Jlelokyits,  and  some  of  these  havebe«n 
referred,  under  the  former  name,  to  the  eqnine  ancestral  Uoe.* 
These  mammals  have  been  placed  by  the  writer  in  a  distinct 
family,  the  Ilelohyidae.i 

Selohyid^. 

The  Ilelohyidtp  may  with  some  probability  be  now  regarded 
as  thft  family  from  which  equine  mammals  were  derived.  The 
members  of  this  group  were  small  perissodactyle  mammals, 
with  forty-four  teeth  without  cement,  the  premolars  unlike  the 
molars,  and  both  with  short  bnnodout  crowns.  The  ulna  and 
{ibnla  were  complete  and  separate,  and  the  feet  had  four  or  five 
functional  digits.  All  the  known  forms  are  from  the  Eocene. 
During  Tertiary  time,  this  family  apparently  separated  into 
various  branches,  some  of  which  became  specialized,  and  died 
out,  while  smaller  forms  became  modifieo  into  the  lines  hy 
which  the  horse,  the  tapir,  and  the  rhinoceros  gradually 
developed. 

Orohippidae.  * 

The  successors  along  the  first  line  form  a  well-marked  fainiW. 
which  tlie  writer  has  called  the  OrohippidcB.*  The  represen- 
tatives  of  this  group  were  small  equine  mammals  having  fortj- 
four  teeth  without  cement,  incisors  without  pit,  canine  teeth 
large,  and  the  molar  series  with  short  crowns,  and  the  cnspt 
more  or  less  flattened.  The  ulna  and  fibula  were  complete. 
and   tlioiv  were  three  or  four  functional  digits  in  each  fool. 
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'he  dividing  lines  between  these  three  families  are  not 
rply  defined,  and  cannot  be,  if  evolution  is  true ;  in  fact, 
divisions  in  all  classifications  of  extinct  animals  are,  of 
eeeity,  like  the  book  shelves  in  a  library,  merely  convenient 
jes  for  the  arrangement  of  present  limited  knowledge. 

\.mong  the  extinct  equines  known  in  this  country,  the  first 
ms  of . the  series  is  Eohippiis^  described  by  the  writer  from 
I  Coryphodon  beds  at  the  base  of  the  Eocene  (this  Journal, 
.  xii,  p.  401,  1876).  This  is  the  oldest  and  most  diminutive 
in,  bemg  about  the  size  of  a  small  fox.  There  is  a  diastema 
,ween  the  canine  and  first  premolar,  but  none  between  the 
^molars,  which  are  all  unlike  the  molars.  Three  species  are 
own.  The  feet  of  one  species  are  shown  in  figures  14  and 
,  and  those  of  the  others  so  far  as  known  are  similar. 
[n  the  next  higher  horizon  of  the  Eocene,  remains  of  another 
all  equine  mammal  are  found,  which  may  be  placed  in  anew 
Qos,  Ilelohippus,  The  type  specimen  was  described  by  the 
iter  in  1871,  as  Lophiodon  jrumilu^  (this  Journal,  vol.  ii,  p. 
),  and  others  have  since  been  found  in  the  same  horizon, 
lis  genus  has  a  diastema  between  the  first  and  second  pre- 
>]ar8,  and  the  last  premolar  is  like  the  molars.  The  known 
jresentatives  of  Hetohippus  are  about  as  large  as  a  fox. 
The  next  genus  in  the  series  is  Orohippus^  described  by  the 
iter  from  the  Dinoceras  beds  of  the  Middle  Eocene  (this 
umal,  vol.  iv,  p.  207,  1872).  This  form  is  the  type  of  the 
nily  OrohippidcB,  and  almost  every  part  of  the  structure  of 
^eral  species  is  now  known.  The  best  preserved  specimens 
3W  that  there  is  no  diastema  between  the  upper  premolars, 
a  the  third  and  fourth  are  similar  to  the  molars.  The  skull 
elongate,  and  has  no  antorbital  fossa.  The  fore  and  hind 
it  of  one  species  are  shown  in  figures  16  and  17.  Several 
ler  species  are  known,  all  about  the  size  of  a  fox. 
Another  allied  genus,  Epihippus^  occurs  in  the  Diplacodon 
ds  of  the  Upper '  Eocene.  This  genus,  proposed  by  the 
iter  in  1878  (Proc.  Am.  Assoc.  Adv.  Sci.,  page  236),  also 
^ws  no  diastema  between  the  first  and  second  premolars 
ove  or  below,  and  the  third  and  fourth  are  essentially  like 
B  molars.  Two  species  are  known,  both  somewhat  larger 
\Xk  tliose  of  Orohippus^  but  having  the  same  general  struc- 
re,  although  the  dentition  and  feet  diflFer  in  several  respects, 
ing  intermediate  between  that  genus  and  the  following. 
At  the  base  of  the  Miocene,  in  the  Brontotherium  beds, 
other  equine  mammal  is  comparatively  abundant,  and  has 
en  referred  by  the  writer  to  a  distinct  genus,  Mesohippiis 
lis  Journal,  vol.  ix,  p.  248,  1875).  The  two  species  known 
3  about  as  large  as  a  sheep,  and  the  feet  of  one  are  shown  in 
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fignres  18  and  19.  The  ulna  ia  complete,  but  the  fibnla  ib  not 
Tliere  is  no  diastema  between  the  premolars,  and  the  third, 
fourth,  and  tiftli  are  like  tlie  molars. 

In  the  Upper  Miocene  of  Oregon,  the  series  is  continued  in 
Mlbhippuii,  a  genus  established  by  the  writer  in  1874  for 
several  species  found  in  this  formation  {this  Jonmal,  vol  vii, 
p.  240).  All  are  much  larger  than  Megohippna,  and  roore 
specialized  in  the  skull  and  feet  The  latter  arc  shown  in 
fignres  20  and  21.  The  premolare  form  a  continuous  soriea. 
and  three  of  them  are  of  the  molar  type.  This  genus  appeare 
to  be  the  American  representative  of  Anchitkerivin,  von 
Meyer  (1844),  but  is  somewhat  less  specialized. 

In  the  early  Pliocene  of  this  country,  the  genus  Profo/iipj-ai 
of  Leidy  (1858)  is  Cbpceially  abundant,  and  several  speci» 
about  as  large  as  a  donlcey  are  known.  All  have  three  func- 
tional toes  on  each  foot,  but  these  are  more  nearly  of  a  size 
than  the  digits  of  the  European  Ilipparion  of  ChrisW  (183:'!. 
In  the  later  deposits  of  this  formation,  three-toed  horses  are 
replaced  by  Plioliippna^  named  by  the  writer  in  1874  (this 
Journal,  vol.  vii,  p.  252).  This  genus  has  many  specie^  all 
smaller  than  the  horse,  hut  with  similar  feet.  A  true  Eqmi^'a 
entombed  in  a  higher  horizon,  but  apparently  became  extiaci 
before  America  was  discovered. 

The  type  specimens  of  all  the  genera  of  fossil  horses  pro- 

fosed  by  the  writer  up  to  1876  were  carefully  studied  by  Prof, 
luxley  in  that  year,  and  made  the  basis  of  one  of  his  New 
York  lectures.*  The  diagram  shown  on  page  .555  was  prepared 
for  that  lectui-e  under  his  direction,  from  specimens  in  tlie 
Yale  Museum  collected  and  described  by  the  writer.  Itpves 
the  main  characters  of  the  genera,  and  represents  clearly  (he 
evolution  of  the  horse  as  then  determined   from  American 
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Abt.   XLIV. — Rddiation  of  Atmospheric  Air ;    by  C.  C. 

HuTCHiNS,  Bowdoin  tJoUege. 

We  learn  from  the  researches  of  Tyndall  that  the  radiation 
from  heated  air  streaming  from  about  a  copper  ball  heated  to 
near  redness  was  just  detectable,  but  scarcely  measurable  with 
the  most  delicate  apparatus  then  in  existence. 

He  was  also  able  to  show  that  other  gases,  under  like  condi- 
tions radiated,  some  to  a  much  greater  extent  than  air,  and  he 
formed  a  table  in  which  the  diflFerent  gases  experimented  upon 
stand  in  the  order  of  their  radiating  powers.  This  at  present 
comprises  aboat  the  sum  of  our  knowledge  of  this  important 
Daatter.  The  recent  invention  of  several  forms  of  extremely 
delicate  heat-measuring  apparatus  now  enables  us  to  deal  sue- 
[^efisfully  with  quantities  or  heat  so  minute,  that  the  ordinary 
thermopile  gives  no  indication  of  their  existence. 

The  apparatus  used  in  the  following  investigation  is  some- 
thing of  an  improvement  upon  that  formerly  here  devised  and 
described*  which  improvement  has  been  effected  by  the  sub- 
stitution of  a  junction  of  the  bismuth,  antimony  and  tin  alloys 
in  place  of  the  iron-nickel  couple  formerly  employed. 

By  a  peculiar  method  of  casting  these  alloys  into  thin  leaves 
it  is  possible  to  give  them  a  certain  amount  of  temper  by 
which  their  tenacity  is  considerably  increased,  so  that  by  skill 
and  patience  they  can  be  worked  into  bars  as  small  as  0*002*^™ 
thick,  and  0*03*™  wide.  More  difficulty  however  being  experi- 
enced with  the  alloy  of  bismuth  and  antimony.     To  avoid  too 

♦  Proa  Am.  Acad.,  vol.  xxiv. 
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many  accidents  the  bare  in  use  are  made  a  little  Btoater,  iboni 
0'003™  thick  and  0'05™  wide,  and  are  united  to  a  very  ihin 
disc  of  cop|)er  foil  01™  to  02™  in  diameter. 

Such  a  junction  lias,  when  the  component  bare  are  eic^ 
O'S""  long,  a  resistance  of  fonr  or  five  ohtns,  and  conecqaentlv 
the  galvanometer  lias  heen  re-wound  to  about  the  same  resist- 
ance. The  rc^nlt  in  an  improvcoient  in  the  senBitivenesEanii 
stead ine8B  of  the  apparatnR. 

On  acconnt  of  the  peculiar  conditions  under  which  we  rnuH 
work  in  determining  the  radiation  of  air  we  seem  practiealh 
confined  to  TyndaMV  method,  using  a  moving  mass  of  air.  inaf- 
nmch  ae  gases  are  nearly  transparent  to  the  rays  from  all  solid 
bodies  at  ordinary  temperatures.  We  can  however  improve 
the  methoii  in  detail,  making  use  of  a  moving  column  of  air. 
hotter,  but  at  the  same  prossure  as  the  surrounding  atmosplicre. 
and  moving  at  such  a  rate  through  it  as  to  preserve  definite  and 
measurable  dimensions.  The  following  experiments  deal  cd- 
tirely  with  air  in  the  ordinary  condition,  neither  purified  nor 
dried.  Little  would  probably  be  gained  by  aeing  pnrifieil  and 
dried  air,  for,  as  will  l)e  seen  later,  the  radiation  is  mainly  from 
the  surface  of  contact  between  the  hot  and  cold  air,  where 
more  or  less  mixing  muiit  take  place,  so  that  the  loss  of  heU 
from  contact  of  hot  and  pure  air,  and  cold  and  impure  air, 
would  in  most  respects  be  a  less  definite  problem  than  that  of 
the  radiation  from  the  ordinary  air  of  homogeneous  even  if  of 
somewhat  variable  and  uncertain  composition. 

The  variation  in  composition  causes  great  and  rapid  altera- 
tions in  atmospheric  radiation,  and  as  we  cannot  allow  for  the 
variations  the  only  remedy  seems  to  be  to  work  rapidly  wha 
the  conditions  are  favorable. 

It  has  in  fact  been  learned,  at  the  cost  of  mnch  time,  that 
nothing  cini  he  fiained  by  wui'kiug  under  any  hut  the  moei 
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>r  the  entrance  of  air,  and  when  the  pipe  is  heated  a  strong 
irrent  sets  through  the  tube  and  is  discharged  at  the  top. 

To  cut  oflF  air  currents  from  the  outer  surface  of  the  pipe, 
n  screens  are  made  to  surround  it  and  move  with  it.  The 
pper  opening  of  the  pipe  is  furnished  with  a  nozzle  of  lead, 
resenting  an  opening  V""  by  S"^.  By  burning  touch  paper  at 
le  bottom  of  the  tube  the  lamps  beneath  being  lighted,  the 
lape  of  the  column  of  air  from  the  nozzle  can  be  inspected  at 
nsure  by  reason  of  the  dense  smoke  that  issues  with  it,  and  by 
ling  the  throat  of  the  nozzle  it  can  be  given  such  a  shape 
lat  the  column  of  heated  air  will  preserve  uniform  dimen- 
ions  for  a  considerable  distance  from  its  exit.  After  the 
imps  have  been  lighted  for  twenty  minutes  the  temperature 
f  tlie  air  becomes  constant,  and  changes  but  slightly  for  hours 
b  a  time. 

The  lower  end  of  the  tube  is  supported  upon  a  pin,  thrust 
cross  its  diameter,  so  that  while  the  bottom  of  the  tube 
smains  fixed,  the  remainder  can  be  moved  in  a  vertical  plane 
y  a  pull  upon  a  string,  the  tube  falling  back  by  its  own  weight 
rhen  the  tension  upon  the  string  is  relaxed. 

The  thermopile  points  continuously  to  a  large  copper  Leslie 
abe  containing  water  at  the  temperature  or  the  room,  and 
iimished  with  a  thermometer  divided  to  0*1**.  When  the 
bserver  at  the  galvanometer  releases  the  pipe  it  falls  to  such  a 
osition  that  the  hot  air  streams  in  front  of  the  opening  of  the 
lennopile  at  a  distance  of  3*^™  causing  a  deflection  of  the 
alvanometer  needle  after  which  the  tube  is  raised  by  the 
;ring  attached,  the  heated  air  now  being  discharged  high 
bove  the  opening  leaving  the  apparatus  unaflEected  save  by 
18  radiation  of  the  cube. 

The  breadth  of  the  column  of  air  is  sufficient  to  till  the 
pening  of  the  thermopile  and  leave  a  wide  margin  on  either 
ide.  For  finding  the  instrumental  reduction  factor,  a  long 
bin  copper  tank  is  provided  which  may  contain  water  a  few 
egrees  above  the  temperature  of  the  room.  This  tank  is 
ashed  between  the  stationary  cube  and  the  thermopile  by  an 
afiistant  and  withdrawn  again  at  a  signal  from  the  observer  at 
lie  galvanometer.  It  is  furnished  with  a  delicate  thermometer 
rhich  can  be  read  to  0-01°. 


Reading  Galvanometer, 

Both  the  forward  and  backward  swings  of  the  needle  are 
bserved,  and  the  mean  of  these  constitutes  a  single  observa- 
on,  the  mean  of  five  or  ten  observations  comprising  a  set. 
he  sensitiveness  of   the  galvanometer  has  been  frequently 
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changed  to  suit  the  coiiditione  of  experiment  bj  changing  tie 

EOBition  of  the  controlling  magnet.     The  period  of  the  needle 
as  always  been  kept  less  than  ten  seconds. 

Seduction  Factor. 

The  instrumental  reduction  factor  is  the  amonot  of  heat  in 
small  calories  per  second  from  a  surface  that  fills  the  aperture 
of  the  thermopile,  necessary  to  give  a  deflection  of  one 
division  of  the  galvanometer  scale. 

The  reduction  factor  is  always  obtained  one  or  more  times 
each  day,  and  is  considered  as  applying  to  that  day's  obeerTi- 
tion  only.  It  is  found  by  observing  the  deflection  prodnced  by 
the  warm  copper  tank,  coated  with  lampblack.  The  amonnt 
of  heat  radiated  per  degree  of  difference  per  sq.  c.  m.  perseconO 
for  the  differcTice  of  temperature  between  the  tank  and  cube 
ifl  found  from  the  equation  3;  =  0-00O238+3-06xlO-'i-2-6X 

lO-^i'.*     The  instrumental  constant   c  =  --   where   a  is  the 

a 
galvanometer  deflection  per  degree  of  difference  in  tempera- 
ture between  the  enbe  and  tank. 

Radiation  of  Air. 

Measures  for  finding  the  absolute  radiating  power  of  a 
column  of  air  one  centimeter  thick  at  a  temperatore  near  100' 
were  made  upon  eight  days.  The  results  of  each  day's  work 
were  fairly  satiefactory,  bnt  there  was  no  sort  of  agreement 
between  those  of  separate  days. 

A  preliminary  experiment  upon  the  effect  of  hamidity,  made 
by  measuring  the  radiation  of  the  air  in  its  ordinary  state  and 
then  aaain  after  letting  steam  into  the  room  from  the  heatini: 
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ing  the  failure  to  establish  a  connection  between  the  absolute 
amount  of  moisture  and  the  radiation,  the  tabulated  results 
ahow  a  striking  connection  between  the  relative  humidity  and 
the  radiation,  as  is  exhibited  in  the  following  table. 

Table  I. 


a 

h 

m 

n 

t-f 

/ 

h 

Oct.    20 

76-16 

U-7 

15-6 

88-2 

90- 

0000002562 

Nov.    7 

76-41 

161 

23-9 

89-0 

40- 

1189 

Nov.    9 

76-76 

16.7 

22-8 

8S-7 

50- 

1273 

Nov.  10 

76-76 

10-0 

13-9 

84-0 

57-5 

1559 

Nov.  11 

7619 

14-4 

17-3 

84-5 

71- 

1812 

Nov.  1 1 

76-80 

18-9 

20-4 

87-7 

85-5 

1986 

Nov.  12 

76-99 

14-0 

17-9 

88-3 

62-5 

1597 

Nov.  13 

76-38 

136 

19-4 

82-6 

47- 

1513 

<i  is  the  date. 

b     "        barometer  reading 
m   "        wet  bulb. 

1 

n     '*        dry  bulb. 
i-t^  '*       difference  of  temp, 
f    '*       relative  humidity. 
h     "       absolute  radiation. 

.  between  hot  air 

and  cube. 

It  will  be  seen  that  A  increases  quite  regularly  withy,  though 
the  plotted  observations  do  not  lie  well  enough  upon  any 
smooth  curve  to  enable  us  to  assert  the  law  of  connection, 
which  law  it  would  be  diflScult  to  deduce  without  the  means  of 
controlling  the  presence  of  other  accidental  constituents  of  the 
atmosphere ;  such  as  carbonic  acid  and  gases  resulting  from 
the  decomposition  of  dust,  coming  in  contact  with  the  heated 
tube.  That  these  accidental  impurities  have  a  verv  great  in- 
fluence, is  shown  by  the  following  experiment.  On  Dec.  7, 
the  mean  deflection  produced  by  the  air  column  at  120°  was 
64  scale  divisions  A  small  amount  of  pure  dry  carbonic  acid 
gas  was  allowed  to  mix,  a  bubble  at  a  time  with  the  air  at  the 
entrance  of  the  heated  tube.  The  deflection  rose  to  140  or 
more  than  doubled.  When  a  very  small  amount  of  illumina- 
ting gas  was  mixed  with  the  air,  the  deflection  was  too  great 
to  be  recorded  on  the  scale.  As  it  is  impossible  at  present  to 
allow  for  the  presence  of  these  impurities  or  even  for  the  aque- 
ous vapor  in  assigning  a  value  to  the  absolute  radiating  power 
of  atmospheric  air  we  are  obliged  to  employ  an  average  result 
obtained  from  several  days'  observations. 

The  following  table  presents  the  measures  made  on  six  days 
after  considerable  practice  had  been  had  with  the  apparatus. 

The  observations  were  made  at  four  or  more  different  tem- 
peratures of  the  air  column,  with  a  view  to  learning  the  law 
connecting  the  heat  radiated  and  the  temperature. 
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Not,  26         16-3         T89        4-714927 


e'5o      li'0i43g2 


Dec      6  756         4-76         4-410B07 


76-6         5'08         4'393008 


a  Is  tbe  dale. 

b  "  barometer  rea<)in)t. 
J  "  abaoluU  hiimidicy. 
c     "      loB  reduction  fitetor. 

i-C  "      differetiee  in  temperature  between  air  and  cube. 
g     ■'      moan  galrannnipter  dcflpction. 
Iiaolule  rHiilatiQn  i>f  nir.— Thi 


lost  each  second  (roi 
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ch  may  be  taken  a8  fairly  representing  the  radiation  of  air 
D  ordinary  room  nnder  average  conditions,  the  sheet  of  air 
ig  l^  thick. 

Eff^ect  of  thickness  of  radiating  column. 

t  was  noted  at  the  ontset  that  the  galvanometer  deflection 
not  proportional  to  the  thickness  of  the  heated  colnmn  of 

li  flat  sheet  iron  pipe  was  made  100^°"  long,  10*^™  wide  and 
°*  thick.  This  pipe  was  substituted  for  the  one  previously 
i.  The  air  exit  was  from  a  pair  of  jaws,  one  fixed,  one 
7able,  so  that  the  thickness  of  the  air  column  at  its  escape 
Id  be  regulated  at  pleasure.  Measures  with  this  apparatus 
■e  made  on  eight  days.  The  results  were  recorded  as  the 
mnt  of  galvanometer  deflection  per  degree  of  t-^t'. 
Vith  openings  less  than  1^",  no  difference  in  the  amount 
radiation  can  be  detected.  With  larger  openings  a  small 
rease  is  observed.  The  results  of  six  determinations  dis- 
puted over  four  days  are  here  given. 


cm 


Opening,  0-6*""         r"  2-«™  3 

Deflection  per  degree,     0-193         0196         0*245         0259 

V^e  observe  that  radiation  is  very  largely  from  the  surface 
contact  between  the  hot  and  cold  air,  which  seems  to  indi- 
)  that  a  heated  gas  absorbs  all  or  nearly  all  those  rays  that 
»elf  emits  and  that  radiation  takes  place  only  when  there 
fall  of  temperature  within  the  limits  of  molecular  action. 

Wave  length  of  rays, 

t  would  probably  be  hopeless  to  undertake  a  prismatic  analy- 
Df  the  rays  from  heated  air.  We  can  however  get  a  sug- 
tion  as  to  the  length  of  these  waves  from  their  behavior 
'ards  an  absorbing  medium.  A  very  pure  plate  of  quartz 
"*  thick  was  placed  over  the  opening  to  the  thermopile. 
th  the  air  at  100°  no  deflection  could  be  obtained,  and  even 
8n  the  temperature  was  raised  to  200°  it  was  decided  after 
ay  trials,  that  there  was  no  measurable  effect.  Without 
quartz  plate  the  deflection  was  151.  The  (quartz  plate 
►ws  93  per  cent  of  the  sun's  rays  to  pas^s  it,  81  per  cent  of 
s  from  red  hot  platinum  and  3*0  per  cent  of  rays  from  lamp- 
2k  surface  at  100 ,  being  in  a  manner  ])rogressively  opaque 
waves  of  increasing  length.  The  waves  from  heated  air 
st  therefore  be  of  great  length  since  they  seem  incapable 
>enetrating  the  quartz  in  any  considerable  degree. 
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Art.  XLV. — Atmoapkerio  radiation  <if  Heat  and  its  Impor- 
tance in  Meteorology  ;  by  Cleveland  Abbe. 

(1.)  It  is  evident  that  our  planet,  conBidered  as  a  whole  ind 
on  the  average  of  many  years,  loBes  all  the  heat  that  it  receives 
from  the  sun  ;  but  all  the  details  of  this  process  have  not  yet 
been  completely  worked  out.  Fourier,  Poiaaon  and  their  dij- 
ciples  have  treated  of  this  radiation  in  the  most  funeral  min- 
Der ;  Melloni,  Tyndall,  Langley  and  their  followers  bavegone 
into  some  of  the  details  as  to  character  and  qoantity.  Tliese 
physicists  have  served  to  awaken  meteorolog^ists  to  the  necessity 
of  carefully  distiDguishing  the  intluence  of  the  absorption  and 
radiation  by  the  soil,  the  vegetation,  the  snow  and  the  ocean 
respectively;  even  as  to  the  atmosphere  itself  we  have  to  dis- 
tinguish the  absorbing  and  radiating  powers  of  the  dry  air,  of 
tbe  clouds  or  haze  and  of  the  dust  respectively. 

(2.)  Heat  is  thrown  into  the  atmosphere  not  only  by  conduc- 
tion and  convection  from  the  immediate  snrface  of  continents 
or  oceans,  but  the  radiant  heat  from  these  surfaces  is  in  part 
directly  absorbed  (just  as  is  solar  radiation)  bv  the  atmospnerc 
and  in  part  transmitted  to  outer  space.  All  of  the  immense 
quantity  of  heat  thus  communicated  to  the  whole  atmosphere 
(viz.  50  per  cent  of  the  direct  solar  radiation,  plus  about  50 
per  cent  of  the  specular  reflection  from  the  earth  and  water, 
plus  all  of  the  convection  from  the  surface  of  the  earth  and 
ocean,  plus  a  large  per  cent  of  the  radiation  from  the  earth's 
surface)  must  be  lost  through  a  process  of  radiation  from  tbe 
atmosphere  as  difitinguishco  from  radiation  through  the  atmos- 
phere; judging  from  the  known  values  of  these  items  one 
would  a  jrriort  uonthide  that  this  radiating  power  of  the  whole 
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(4.)  The  fact  that  some  such  process  is  going  on  in  the 
itmosphere  has,  1  presnme,  been  recognized  by  many  although 
;he  published  expressions  in  regard  to  it  are  generally  very 
ndetinite.  It  i6  almost  invariably  the  case  that  the  cooling  of 
;he  air  at  night  is  attributed  to  the  radiation  of  heat  from  the 
»rth  and  the  fact  that  the  surface  of  the  soil  becomes  cold  is 
luoted  as  an  evidence  of  this  action.  But  it  can  easily  be 
^own  numericallv  that  the  nocturnal  conduction  of  heat 
between  the  surface  of  the  earth  and  the  air  above  it  can  only 
iffect  a  very  thin  layer  of  air  during  the  twelve  hours  of  night- 
;ime  (3  meters  according  to  Maurer)  and  that  there  must  be  an 
ippreciable  radiation  from  the  air  itself. 

(5.)  On  this  whole  subject  the  writings  of  Dr.  Julius  Maurer 
)ffer  us  some  valuable  formulas  and  data ;  especially  has  he 
)een  the  first  (see  Schweiz,  Met.  Beob.,  1885,  vol.  xxii.  Ap- 
pend. V,  Zurich,  18S7,)  to  give  us  an  approximate  value  of  the 
coefficient  of  radiation  of  a  cubic  centimeter  of  air.  This  co- 
efficient he  deduces  from  the  ordinary  meteorological  observa- 
lions  of  the  temperature  of  the  air  at  nighttime  as  given  by 
;he  ordinary  screened  thermometers.  Maurer  finds  that  the 
cooling  of  the  free  air  during  night  in  the  lower  layers  of  the 
itmosphere  and  on  the  average  of  the  whole  year,  namely  with- 
)iit  distinguishing  between  cloudy  and  clear  weather,  or  calms 
md  winds,  proceeds  as  though  a  cubic  centimeter  of  air  gives 
ip  to  an  enclosure,  1°  C.  cooler  than  itself,  0-0000007  gram- 
auories  per  minute.  Now  the  specific  heat  of  air  under  con- 
(tant  pressure  is  0*2377  and  the  density  of  the  air  to  which 
MEanrer's  coefficient  pertains  is  about  0*00129  or  ^^^  of  water. 
We  may  therefore  convert  his  coefficient  of  radiation  in 
ibsolute  calories  into  a  coefficient  of  cooling  in  Centigrade 
legrees  whence  it  results  that  the  cubic  centimeter  of  air 
ivithin  such  an  enclosure  cools  by  radiation  at  the  rate  of 
)-0000007x  7 73-^0-2377 =0-0023  degrees  C.  per  minute  or 
)-138  C.  per  hour. 

Maurer  finds  indications  that  this  coefficient  is  larger  in 
(unimer  and  smaller  in  winter.  The  above  average  value 
"eeults  from  observations  of  temperature  for  many  years  at 
5t  Petersburg,  Prague,  Berne,  Toronto  and  Barnaul  and  may 
>e  considered  as  belon^ng  to  air  that  has  an  average  pressure 
)f  750"°,  a  temperature  of  5^'C.,  is  nearly  saturated  with 
noistnre,  and  contains  the  average  amount  of  dust  and  aque- 
)118  particles  that  belong  to  the  air  of  those  stations.     Maurer 

Xially  notes  that  the  coefficient  thus  found  is  larger  than 
gs  to  pure,  dry  air  on  account  of  the  solid  and  liquid 
^articles  contained  in  the  ordinary  atmosphere  and  participa- 
jng  in  the  radiation.  He  further  states  that  similar  computa- 
lions  based  on   observations  made  at  the  high  stations,  St. 
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Bernard  aud  StinliB,  give  a  coefficient  about  15  per  cent 
Hmallor, 

(6.)  It  U  evident  from  Tyndall's  observations  and  tboee  of 
Angstrom  and  otliers  that  this  coefficient  must  vary  with  the 
chemical  nature  of  the  gaBee  contained  in  ordinary  air  and, 
although  it  is  therefore  of  a  very  indefinite  nature,  yet  we  need 
to  know  its  probable  limiting  values  in  order  to  anderBtaDd 
tlie  extent  of  the  influence  of  atinoBpberio  radiation  nixm 
meteorological  phenomena.  On  this  account  I  hsve  applied 
Maurer's  formulse  to  other  meteorologicHl  observations  and 
during  the  past  three  years  have  mentioned  to  several  plijsi* 
ciste  the  desirability  of  the  direct  determination  of  this  co- 
efficient by  ordinary  laboratory  methods.  I  am  therefore  ninch 
pleased  that  Prof.  Ilutcliine  has  been  able  to  make  a  direct 
oxperimental  response.  The  values  deduced  by  him  are  con- 
siderably larger  than  those  given  by  Manrer,  as  was  to  be  ex- 
pected, because  Maui-er's  computation  considere  only  the 
average  radiation  during  cloudy  as  well  as  during  clear  nights 
and  ulso  because  it  assumes  that  the  convection  during  wiudy 
nights  has  not  ohscurcd  the  simple  effect  of  radiation.  Farther- 
more  there  is  a  possibility  that  the  heated  metallic  tnbe  of 
Prof.  Hntchins  may  have  given  ofi  an  extra  quantity  of  diut 
or  of  gas<Jous  compounds  all  of  which  would  increase  the  ap- 
parent radiation.  Butalthough  neitherof  these  determinations 
represents  pure,  clean,  dry  air  and  although  both  must  at  pifa$- 
ent  be  considered  only  as  first  steps  in  onr  knowledge,  yet  they 
give  us  invaluable  indications  of  the  possible  dimensions  of  an 
important  fundamental  constant  in  meteorology. 

(7.)  The  irniiortance  of  this  subject  in  tne  study  of  the 
mechani(«  of  the  atmosphere  may  be  enforced  by  the  follow- 
ing consideration  of  tlie  progress  of  our  knowledge. 

((/.)  Espy,  baving  reasoned  bis  way  up  to  the  conclusion  that 
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OWB ;  when  the  inflow  is  prevented,  or  when  it  brings  dry 
r  instead  of  moist  air,  then  the  condensation  of  moisture  stops 
id  the  storm  subsides. 

(6.)  Ferrel  worked  out,  from  the  point  of  view  of  hvdro- 
echanies,  the  theory  of  the  circulation  of  air  in  cyclones 
id  in  the  surrounding  peri  cyclonic  region ;  he  also  developed 
le  mechanics  of  cyclones  with  cold  centers ;  he  then  showed 
)w  ordinary  ai*ea8  of  high  pressure  and  cold  air  (which  Galton 

1868  first  called  anti  cyclones)  may  result  from  the  inter- 
ition  of  two  or  more  pericyclones ;  he  mentions  without 
irther  development  the  radiation  of  heat  from  the  air  but 
ves  greater  weight  to  the  conduction  to  the  ground  and  thus 
[plains  the  inversion  of  temperature  in  the  clear  still  air  of 
inter.  Much  of  this  was  done  before  the  publication  of 
le  weather  maps  of  the  Signal  Service  or  indeed  of  any 
uropean  weather  bureau.  Ferrel  subsequently  developed  the 
lermodynamics  of  the  condensation  theory  of  Espy  and 
Lowed  its  excellent  agreement  with  all  the  known  facts  of 
cal  storms,  hence  it  was  assumed  to  also  apply  to  the  large 
orms  or  areas  of  low  pressure. 

(<?.)  Hann,  having  shown  that  the  fohn  wind  is  a  rapidly 
3eoending  mass  of  air  whose  warmth  is  due  to  an  initial  rain 
*  Bnowfall  with  the  evolution  of  latent  heat  and  to  the  subse- 
lent  rapid  compression  of  the  air,  follows  this  up  by  the 
ody  of  the  slowly  descending  movements  as  exemplified  in 
le  European  area  of  high  pressure  of  1889,  Nov.  11-28.  He 
ids,  as  Ferrel  had  done  before  him,  that  in  the  high  areas 
le  temperature  at  a  few  thousand  feet  altitude  is  higher  than 
lat  at  the  surface  of  the  ground  ;  he  concludes  that  the 
rerage  temperature  for  a  depth  of  3000  meters  is  somewhat 
igher  in  an  anti-cyclone  than  in  a  cyclone.  Hence  Hann 
irowB  doubt  upon  the  idea  that  an  area  of  high  pressure  with 
)ld  air  near  the  surface  of  the  ground  only,  is  really  a  mass 
[  descending  cold  air ;  like  most  others  he  also  explains  that 
le  coldness  of  the  lowest  stratum  of  air  under  a  clear  sky  is 
ae  to  radiation  from  the  surface  of  the  ground.  Hann's 
•ray  of  data  recjuires  that  we  now  consider  more  closely  the 
lecnanical  theories  of  atmospheric  motion :  these  have 
dually  assumed  an  incompressible  atmosphere  of  about  SOOO 
leters  in  depth. 

(8.)  Some  features  of  recent  researches  in  the  mechanics  of 
le  atmosphere  maybe  presented  as  follows:  A  comprehensive 
ody  of  fluid  motions  shows  that  air  and  water  alike  may  l)e 
)rced  to  ascend  without  being  warmer  and  lighter  or  to  de- 
jend  without  being  colder  and  denser  than  the  surrounding 
aid.  The  currents  and  whirls  behind  any  obstacle  in  streams 
:  air  or  water  are  almost  wholly  independent  of  diflEerences 
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of  density  and  are  caused  by  dififerences  of  preeeure  as  modi-  , 
fied  by  dimple  kinetic  laws.  The  iipnuh  of  water  at  one 
place  and  its  downrash,  as  a  whirlpool,  at  another  place  in  i 
ewift  Btreain  is  a  vortex  phenomenon  in  which  tempentnre 
and  density  have  no  part.  The  rise  of  the  surface  of  a  river 
at  any  bend  in  the  channel  or  at  the  junction  with  a  tribntary 
etreani  is  a  kinetic  phenomenon  ;  so  also  is  the  resaltin^  surface 
overflow  to  the  right  and  left  of  the  channel;  so  aUo  the  alow 
spiral  circnlation  that  goes  on,  in  consequence  of  which  the 
surface  water  flows  from  the  center  out  to  the  banks  of  the 
river  then  down  to  the  bottom  of  the  channel  aod  thence  tip 
to  the  swift  surface  and  back  to  the  banks  again. 

We  muRt  expect  to  And  similar  phenomena  in  the  atmosphere 
where,  corresponding  to  the  general  current  of  a  river,  we 
have  a  general  circulation  of  air  due  to  the  greater  warmth  of 
equatorial  air  and  to  the  swift  diurnal  rotation  of  the  whole 
atmosphere  about  the  polar  axis. 

{a.)  Ferrcl  was  the  flrst  to  show  that  the  tropical  belts  of 
high  pressure  are  dne — not  to  local  cool  air  or  to  local  density 
— but  to  the  interaction  of  pressures  and  that  they  would  exiet 
if  the  atmosphere  were  a  mass  of  incompressible  fluid;  thej 
raay  be  affected  to  some  degree  by  various  forms  of  resistance, 
they  may  also  be  affected  by  temperatures  dne  to  local  radia- 
tion and  convection,  and  also  by  thermodynamic  relations,  but 
all  these  are  minor  incidents  snhordinate  to  the  action  of  the 
hydro -dynamic  laws  that  bring  them  into  existence. 

{/>.)  Ferrel  maintains  that  areas  of  high  pressure  with  cold 
anti-cyclonic  winds  give  evidence  of  originating  with  upper 
currents  of  air  such  as  those  that  are  conceived  to  flow  out 
from  great  cyclonic  areas  and  be  whirled  toward  each  other; 
Ferrers  reasoning  wonld  justify  his  conclusion  that  there  ie 
only  Buflicicnt  energy  in  tbosc  wliirJs  that  are  due  to  the  general 
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{dJ)  Besides  the  horizontal  movements  and  whirls,  Helmholtz 
has  studied  what  may  be  called  the  vertical  whirls  or  the 
general  vortex  motion  of  which  the  ideal  case  is  an  atmospheric 
vortex  ring  snrronnding  the  earth  at  the  equator  and  moving, 
as  a  whole,  poleward.  If  such  a  ring  of  incompressible  air 
is  to  retain  its  energy  as  it  moves  northward  and  is  to  contract 
as  the  circles  of  latitude  diminish,  it  must  exhibit  far  greater 
velocities  than  are  observed,  therefore  some  way  must  exist  by 
which  it  loses  its  energy.  If,  however,  by  reason  of  the  irregu- 
larities of  the  earth's  surface  such  rings  become  broken  up 
each  part  will  revolve  as  an  independent  ring  having  an  incli- 
nation to  the  earth's  surface  and  by  the  interferences  and  mix- 
tares  of  these  rings  the  motions  may  become  reduced  so  as  to 
agree  with  the  observed  winds.  From  this  point  of  view  all 
movements  from  the  equator  carry  rapidly  revolving  air  into 
regions  where  the  rotation  is  less  rapid  and  such  air  must  rise 
alK>ve  the  earth's  surface,  whereas  for  motions  toward  the 
equator  the  air  must  descend  and  hug  the  earth's  surface-there- 
by acquiring  the  greater  speed  of  rotation  that  belongs  to  low 
latitades  and  forming  local  high  pressure  areas. 

{e,)  We  see  therefore  that  whether  we  study  horizontal  or 
inclined  or  even  vertical  whirls  in  the  atmosphere,  we  are  alike 
brought  into  the  presence  of  ascending  and  descending  motions 
which  the  air  is  forced  to  take  for  purely  kinetic  reasons.  So 
long  as  we,  with  the  above-mentioned  authors,  consider  only 
the  ideal  case  of  a  homogeneous,  incompressible,  dry  atmosphere 
having  an  average  deptn  of  about  8000  meters  and  whose  tem- 
perature at  any  point  depends  upon  its  absorption  of  solar 
radiation  and  upon  its  warming  up  by  conduction,  we  have 
perhaps  no  need  of  a  special  study  of  the  thermodynamics  that 
18  so  important  in  the  real  atmosphere  of  compressible  air. 
For  such  a  problem  it  may  therefore  be  suflScient  to  assume, 
as  seems  to  be  implied  by  Ferrel,  Hann  and  Helmholtz,  that 
the  air  loses  heat  by  the  simpler  process  of  conduction  to  the 
cold  earth.  But  when  we  investigate  the  real  atmosphere  on 
the  basis  of  actual  observation  we  find  that  the  thermodynamics 
of  the  compressible  air  adds  a  most  important  feature. 

(y.)  We  have  thus  far  concluded  only  that  local  areas  having 
a  slight  excess  or  deficiency  of  pressure  would  be  maintained 
if  the  atmosphere  were  perfectly  dry  and  were  an  incompres- 
sible fluid ;  but  if  the  air  is  moist  and  is  compressible  then  the 
regions  of  diminished  pressure  give  rise,  by  Eapy's  thermody- 
namic process,  to  the  formation  of  clouds  and  rain  which  form 
temporary  and  local  episodes  in  the  general  motion.  Such  con- 
densation of  moisture  especially  tends  to  form  in  the  rising 
part  of  the  circulating  air,  and  thus  cooperates  with  the  general 
mechanism  to  produce  spiral,  ascending  currents  that  intensify 
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and  prolong  the  meiobars  and  therefore  the  overlapping  peri- 
cycloncB  of  Ferrel  or  vortices  of  Helinholtz,  thns  eTentnall; 
intensifying  tlic  pleiobare. 

((?.)  According  to  these  views  the  primary  factors  in  the 
origin  and  maintenance  of  local  rains,  water-aponts,  tbnnder- 
storms  and  tornadoes  are  local  buoyancy,  expnneion,  thermodj- 
namic  cooling,  condensation  and  latent  lieat.  On  the  other 
hand  in  extensive  storms  of  the  temperate  and  arctic  zones  it 
is  the  slight  depi-ession,  doe  to  a  whirl  in  the  general  circnla- 
tion,  that  determines  where  a  storm  or  low  area  will  ori^nate. 
Finally  in  tropical  hnrricanes  the  general  circulation  mnst 
decide  whether  an  initial  local  disturbance  shall  die  away  or 
shall  be  fed  and  developed  into  an  extensive  hnrricane. 

{k  )  So  mobile  is  the  air  that  two  conflicting  currents  cannot 
produce  any  considerable  excess  or  deficiency  of  pressure  anil 
such  a  mechanical  heaping  np,  or  compression,  as  would  pro- 
duce a  barometric  gradient  of  01"""  per  degree  is  immediately 
followed  by  a  movement  in  the  air  that  will  relieve  the  excess. 
Therefore,  as  Ferrel  distinctly  shows,  we  must  not  expect  that 
any  obstruction  to  the  moderate  currents  of  the  general  circu- 
lation can  explain  such  great  barometric  elevations  ae  occur  in 
tlie  high  areas  oi'  the  United  States  or  Europe.  A  slight 
mechanical  excess  of  pressure  may  possibly  initiate  a  high  jast 
as  a  deficiency  does  a  low,  but  the  further  development  of  the 
pressures  miist  depend  upon  other  considerations.  Among 
these  latter  Ferrel  so  long  ago  as  1856  showed  that  jast  as  the  low 
pressure  depends  upon  the  centrifugal  forces  due  to  a  cyclonic 
whirl  eo  the  high  pressure  depends,  at  least  in  part,  upon  a 
centripetiil  force  due  to  an  anti-cyclonic  whirl. 

Again  Ferrel  has  stated  that  if  the  cold  of  the  lowest  layer 
in  the  high  area  extends  upward  then  the  weight  of  this  dense 
(iiilii  liflp  to  explaiii  thf  hiirh  prf.ssnrt>.     This  sugf^tion 
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early  observations  of  the  Signal  Service  at  Cheyenne  and  sub- 
fleqnently  at  Pike's  Peak,  as  displayed  on  the  daily  weather 
ma(>8,  we  owe  the  knowledge,  that  has  these  twenty  years  been 
pnblic  property  in  the  United  States,  that  warm  air  exists 
above  the  western  side  of  onr  great  cold  waves.  Ferrel  in  his 
"Recent  Advances"  explains  this  upper  warm  layer  as  due  to 
the  compression  of  the  descending  air  which  latter  eventually 
flows  horizontally  above  the  lowest  layer  which  latter  is  com- 
posed of  air  that  has  cooled  by  conduction  to  the  cold  ground 
near  which  it  lies  quietly  resting ;  he  states  furthermore  that  an 
additional  cooling  is  due  to  the  evai)oration  of  moisture  from 
the  soil  and  also  to  the  *'  radiation  of  the  air  "  but  no  special 
importance  is  attached  to  the  latter  factor  nor  to  the  fact  that 
often  during  daylight  sufficient  solar  heat  does  not  penetrate 
into  the  lowest  stratum  to  dissipate  the  haze  and  fog  that  is 
often  formed  during  the  nighttime,  llann  has  presented  the 
details  of  the  continued  existence  of  such  a  warm  layer  for 
many  days  over  the  midst  of  the  Eur(»pean  area  of  high  pres- 
sure of  i^ov.,  1880;  his  suggested  explanations,  so  far  as  they 
go,  agree  with  Ferrel's. 

{j.)  But  the  slow  horizontal  flow,  the  evaporation  of  mois- 
ture from  the  ground  and  the  conduction  of  heat  to  the  ground 
by  the  air  within  a  few  meters  distance,  explain  only  a  portion 
of  the  observed  phenomena.  We  need  a  thermal  process  that 
shall  do  for  the  high  area  that  which  the  condensation  of  vapor, 
and  its  precipitation  as  rain  or  snow,  do  for  the  low  area,  I 
have  been  accustomed  to  explain  this  abstraction  of  heat  in  a 
general  way  as  due  to  the  warming  of  the  air  by  compression 
and  the  loss  of  this  evolved  specific  heat  by  direct  radiation, 
but  the  numerical  application  of  this  idea  was  hindered  at  first 
by  our  ignorance  of  the  coefficient  of  radiation  and  eventually 
by  the  very  small  coefficient  deduced  by  Maurer.  The  larger 
coefficient  of  Hutchins  and  a  conviction  that  Maurei''s  value  is 
too  small,  lead  me  with  some  confidence  to  ask  the  attention 
of  meteorologists  to  the  present  study  from  which  we  find  that 
we  need  not  hesitate  to  accept  Espy's  conchision  that  a  cloud- 
less blue  sky  demonstrates  that  descending  movements  are 
present  and  are  more  efficacious  than  any  minor  ascending 
movements  that  may  be  present.  The  exisience  and  Quali- 
tative influence  of  radiation  from  the  air  was  discussed  bv  me 
with  Ferrel  before  the  publication  of  his  *' Kecent  Advances" 
and  admitted  by  him  as  a  ])ossil)ility,  but  in  the  absence  of  any 
knowledge  as  to  the  coefficient  of  radiation  Ferrel  seems  to 
have  decided  to  mention  the  subject  only  in  a  general  way. 

(9.)  If  the  air  itself  radiates  its  own  heat  then  the  tempera- 
ture of  an  ascending  or  descending  mass,  or  the  general  law  of 
the  diminution  of  temperature  with  altitude  must  depend  upon 
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tli'::  rin'o  -Uirin::  niiich  radiatii>D  has  been  progreseing and ^ 
'luriti--n  will  eiJt-r  n?  an  expunent  in  the  analj-tic  fonmik 
Atnin  li'ic-  (.-nr^I-^nre  i<i  which  thi^  heat  is  radiated,  as  ima^ni 
in  f'>nne<;-"i"H  with  M:i;inr!- coefficient,  is  on  the  average I'C, 
OKfU-r  ihiin  riiL-  ni'iuiiini:  ma^.  therefore  its  diinensioaii  nw 
!h;  '■al'-iiluro'l  Mi'\  It  :i[i)kc;irf  thit.  near  the  earth's  surface. ll» 
I'lwer  fKitti'i:!  'if  ~ii<.-h  \  -phere  is  cnt  off  and  is  replac«tl  hv  the 
/-„|ii  ;fr-.Hiiii  whii-li  is  e>ii)ivalent  to  diminishing  the  size  of  the 
rph'.-re  '.-r  iui-roai-iiii:  the  rate  of  radiation  ;  a  similar  consiJert 
tiMii  '.'i'Tainr-  at  tlie  »ut<>r  hmit  of  the  atmosphere  ;  in  gtnen] 
rii"  rmli.iiioii  i<l  u  ilt-sri-nilin;;  nias^  causes  it  to  cool  IcafitnpidiT 
H'!ii.-ri  :iT  a  ine'iiiitii  ^ilijiiiile  al>>>ve  the  ground  or  in  tl)emid« 

A-  I'T  >:.>ii.iin:tii.ii  l.i-tween  the  earth  and  the  iiir  it  iseialj 
[-••'•••.i\7.i:f\.  H-!  >[aiin'r  h;L<  ^hown,  that  this  has  an  inajipreciibiir 
i\l'^^\•-.\lt■{:  i\\\r\\\ii  twelve  hi:>tir«  at  three  meters  a  hove  the  soil 
'.r  'liiruiy  4"  h'liii-s  at  six  meters;  it  can  only  become  modt^ 
r;it>;!y  iiii[H>rtuiit  fi>r  iMlin  air  dtirinj;  long;  arctic;  nighte^  i* 
functrrii-  fMiivei-tiMii  nf  heat  by  currents  rising  from  the  earth 
r.}ij-  wilt  rlin.'i-tly  alfi-ct  the  ilrv,  cold,  clear,  calm  air  in  the 
iiiiil-^r  Iff  lijirli  piv-'^iires  only  up  U}  a  moderate  altitude,  ay 
I'HMi  mister-,  ami  that  only  in  the  warmer  part  of  the  (ii\ 
Ijf-'-iiii-e  till'  ri.-ii';r  curivnts  atv  rapidly  cooled  by  mixture  anif 
(:<-iisi-  riHiiL'  at  an  altitude  whose  limit  in  such  weather  i^ 
ii'ImIIv  <h;tini'd  hy  a  thin  layer  of  dust  and  haze.  Up  totbir 
aliitiiili;  r]iL'rt-fi)re  atmospheric  radiation  of  heat,  durio(.' ^1 
hdin-,-  i>f  day  and  tii;:lit.  may  be  jtartially  compensated  by  cou- 
vo-ti'iri  (luring  ^nnshiiie  Init  thii<  limit  is  much  lower  for «ti11 
;iir  lyinir  <iver  ici-.  simw  or  water.  As  concerns  the  cooling  doe 
In  i:va]>i>r;itiiin  this  call  W'  computed  from  the  known  aiuouni 
i.f  i'va|Hiriiti<>n  and  is  a  very  small  quantity  for  the  cold  tir 
ver  tliu  laiiil  iiurtli  ^tf  latitnik-  .'iu°  where  our  high  areas  fonu, 
""lerefore  the  factors  that  principally  affei.'t   temp 
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diate  from  the  sun  or  the  earth.  The  corresponding  trans- 
issions  for  the  same  rays,  when  they  have  penetrated  only 
>wn  to  the  layer  at  10,000  meters  altitude  or  down  to  a  pres- 
re  of  217-4°"»,  are  0939  in  the  red,  0-864  in  the  yellow  and 
769  in  the  violet;  hence  014  and  0  26  and  0-37  are  the 
spective  fractions  of  the  original  heat  absorbed  from  the  ray 
its  passage  through  the  lowest  10,000  meters  of  the  atmo- 
►here.  Now  the  relative  thermal  intensities  of  these  radia- 
>n6  are  respectively  68,  108  and  52  and  for  the  present 
»proximation  we  may  consider  that  about  20  per  cent  of  the 
iginal  incident  solar  heat  (3  gram-calories  per  sq.  centimeter 
jr  minute)  is  distributed  by  absorption  along  the  10,000 
eters  of  this  lower  path.  Therefore  during  the  slow  descent 
■  air  in  the  midst  of  a  high  area  the  principal  external  source 
'  heat  is  the  direct  absorption  of  solar  heat  and  this,  at  its 
aximnm  for  zenithal  rays,  can  in  the  lower  atmosphere  only 
Qount  to  an  absorption  of  0-20x3-7-10,000xl00  =  0000,0006 
lories  per  minute  per  cubic  centimeter  of  air ;  in  northern 
titades  and  on  the  average  of  the  ordinary  6  to  12  hours  of 
nshine  the  absorption  becomes  much  less ;  for  Central  En- 
pe  in  November  the  average  for  the  whole  duration  of  sun- 
ine  would  be  less  than  0  000,0002  calories  per  minute. 
(11.)  As  opposed  to  this  gain  of  heat  we  nave  only  the  loss 
1  direct  radiation  which  is,  according  to  Maurer,  expressed  by 
IK)0,0007  gram-calories  per  minute  per  cubic  centimeter  or 
0006  calories  per  kilogram  mass  of  air  when  the  surround- 
g  enclosure  has  an  average  temperature  1®  C.  less  than  that  of 
e  radiating  mass. 

Without  discussing  the  nature  of  the  diffusion  of  heat  by 
diation  or  conduction  within  a  gas,  we  remark  that  Maurer's 
efficient  of  radiation  relates  strictly  speaking  to  a  mass  not 
a  volume  ;  we  may  plausibly  assume  that  tlie  unit  mass  of 
r  has  the  same  coemcient  whatever  the  density  of  the  air,  at 
Ii8t  within  a  pretty  wide  range,  therefore  it  will  follow  that 
e  rate  of  linear  descent  within  our  atmosphere  that  produces 
rate  of  compression  and  dynamic  warming  sufficient  to  com- 
msate  for  the  cooling  by  radiation  must  be  greater  at  high 
bitades  than  at  low  ones. 

Dusty,  hazy  or  moist  air,  as  also  the  ammonia  and  the  hydro- 
rbons  or  the  carbonic  acid  ordinarily  present  in  tlie  air,  liav^e 
mewhat  larger  specific  heats  than  those  for  clear  dry  air,  but 
ey  also  all  have  larger  coefficients  of  radiation  so  that  tlieir 
cling  by  radiation  is  more  rapid  than  that  of  pure,  dry  air.* 

^  A  parallel  process  must  take  place  in  the  solar  atmosphere  if  we  suppose  the 
les  that  ascend  from  the  immediate  surface  of  the  suu  to  be  at  sucli  a  high 
aperature  that  all  the  chemical  combinations  ordinarily  known  to  us  arc  disso- 
ted ;  when  a  mixture  of  such  elementary  gases  in  this  highly  heated  condition 
»nds  until  by  expansion  it  is  cooled  to  the  temperature  at  wliich  chemical  com- 
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This  atmospheric  radiation,  moreover,  continues  day  and  night 
and  is  iniieh  more  efFcctive  in  direct  cooling  than  the  Bolai 
radiation  is  in  direct  warming.  Since  the  loss  by  radiation  mav 
according  to  Prof.  Hntchiiis,  be  far  greater  even  than  this  and 
since  Manrer's  fii^nres  represent  only  an  average  for  all  kinds 
of  weather  we  are  fully  entitled  to  at  least  the  general  statement 
that  the  cooling  by  radiation  is  to  only  a  very  slight  extent  ofi- 
set  by  the  direct  absorption  of  solar  heat  and  that  its  coefiiei^t 
may  vary  from  the  mimmiim  value  of  O'l"  C.  per  hour,  as  pre- 
viously computed,  up  to  an  unknown  and  miicli  higher  limit. 

The  actnal  rate  of  cooling  varies  approximately  as  the  dif- 
ference of  temperatnre  of  the  radiating  mass  and  its  enclosnre 
and  this  is  probably  least  in  the  mid-atmosphere  as  before 
stated  and  must  increase  as  the  mass  sinks  to  the  region  where 
the  colder  terrestrial  sui-face  becomes  an  integral  jiart  of  itf 
enclosure  and  especially  when  the  effect  of  conduction  to  tbit 
surface  is  superadded. 

(12.)  The  thermodynamic  warming  by  compression  take 
place  at  the  rate  of  about  1°  C.  for  each  100  meters  of  descent. 
As  the  coefUcients  of  absorption  and  radiation  are  uniform  fur 
etjual  masses  or  for  egual  changes  in  barometric  pressure  as  we 
descend  in  the  atmosphere,  the  thermal  effects  therefore  vary 
more  rapidly  for  a  given  change  of  altitude  at  low  levels  tliaii 
at  high  levels  ;  therefore  in  the  early  stages  of  any  descending 
motion  the  downward  movement  may  be  accelerated  but  there 
will  be  a  tendency  towards  a  steady  rate  of  descent  such  that 
the  loss  of  temperature  by  radiation  exactlv  coimterbalances 
tlie  gain  by  oomju-ession.  If  we  aecejit  irfaurer's  coefficient 
and  diminish  this  by  a  unit  in  the  seventh  decimal  plair 
in  order  to  allow  for  the  absorption  of  solar  heat,  as  just  cal- 
culate<l  alK)ve,  we  have  a  resultant  0  000,0006  gram-calorie 
s  the  loss  of  iieat  on  the  average  of  twenty- four  honrs :  this 


Heat  and  its  Importance  in  Meteorology.  375 

>out  an  uniform  temperature  at  all  altitudes  in  the  descend- 
g  air.  The  fact  that  in  high  areas  air  is  wanner  as  we  de- 
end  down  to  a  certain  altitude  must  therefore  be  held  to  prove 
at  the  air  is  descending  faster  than  this  compensating  rate, 
Bt  as  it  does  in  the  case  of  the  fohn. 

The  resulting  rate  of  warming  expressed  in  degrees  Centi- 
•ade  per  100  meters  of  descent  is  given  by  the  formula:  one 
88  the  quotient  of  2b8  divided  by  tlie  rate  of  descent  ex- 
-essed  in  meters  per  day.  Thus  if  the  descent  is  144  meters 
5r  day,  the  air  will  cool  at  the  rate  of  1°C.  per  100  meters  of 
jscent;  if  the  rate  be  432  meters  per  day  the  air  will  be 
armed  up  at  the  rate  of  0*33°  C.  per  100  meters.  In  the 
jper  lavers  of  the  maximum  area  of  1889,  as  investigated  by 
ann,  the  air  grew  warmer  at  the  rate  of  0*38°  C.  per  100 
eters,  corresponding  to  a  rate  of  descent  of  457  metei^s  per 
ly ;  on  the  other  hand  in  the  lower  layer,  namely  between 
K)  and  1000  meters  the  air  grew  colder  as  the  altitude  dimin- 
lied  at  the  rate  of  1*8°  C.  per  100  meters,  corresponding  to  a 
te  of  descent  for  the  air  itself  of  103  meters  per  day. 
(13  )  These  figures  must  for  the  present  be  considered  merely 
illustrations  of  the  quality  of  the  influence  that  atmospheric 
diation  must  exert  on  the  temperature  ancl  motions  of  the 
r.  If  the  coefficient  of  radiation  of  the  upper  air  is  less 
an  Maurer's  figure  or  if  the  coefficient  for  the  lowest  strata 
as  large  ajs  Hutchins'  figures  owing  to  the  abundance  of  dust 
id  haze,  or  if,  as  is  generally  the  cajse  the  enclosure  is  more 
an  1°  cooler,  then  the  numerical  rates  just  given  will  need  to 
s  modified.  In  either  case  the  general  principle  remains  that 
I  the  average  throughout  the  whole  atmosphere  the  cooling 
r  atmospheric  radiation  largely  compensates  for  the  warming 
r  compression  and  that  in  this  way  we  must  reconcile  the 
rdrodynamic  theories  with  the  facts  of  observation  so  clearly 
t  forth  by  Hann. 

The  compensating  process  here  discussed  is  illustrated  by  the 
irves  in  the  accompanying  diagram  which  express  the  fact 
at  if  air  starts  at  a  height  of  10,000  meters  at  P  at  a  tempera- 
re  of  —50°  C.  and  descend  to  the  earth's  surface  adiabatieally 
\  temperature  will  be  expressed  by  the  straight  line  X  and 
ill  be  -h50°  C.  on  reaching  the  earth's  surface.  But  if  it  cool 
^  radiation  its  temperature  at  any  altitude  will  be  represented 
^  such  curves  as  A,  B,  or  C,  whose  curvature  will  depend 
)on  the  rates  of  radiation  and  descent.  The  apices  of  these 
irvee,  or  the  regions  where  the  increase  of  temperature  with 
tscent  ceases  and  becomes  a  decrease,  will  be  nearer  the  sur- 
ce  of  the  ground  in  proportion  as  the  coefficient  of  radiation 
smaller  or  the  rate  of  descent  is  smaller  and  especially  if  the 
te  of  descent  diminishes  with  the  time. 
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Theee  curves  agree  with  the  general  tenor  of  all  observatiom 
on  the  temperature  of  the  air,  namely  that  under  a  cloadj  dtr 
the  diminution  of  temperature  with  ascent  is  very  elight  ud 
uniform ;  within  a  cloud  the  diminntion  is  given  by  the  law? 
of  evolution  of  latent  lieat ;  above  all  clouds  and  in  all  clear 
air  as  in  areas  of  high  pressure  the  temperature  depends  upon 
the  radiation  of  heat  and  on  the  thermodynamic  cnanges  of  i 
cumprt'sfiihle  utmoeplnjre. 
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(J.)  The  passage  of  a  steady  atmospheric  current  over  a 
Qountain  range  depositing  rain  and  snow  on  the  windward 
ide  but  d^cending  as  dry  air  on  the  leeward  side  gives  rise  to 
.  standing  wave  such  as  may  be  seen  above  any  obstacle  in  a 
apid  river.  Thus  kinetic  energy  is  converted  into  static  pres- 
ure  and  therefore  on  the  leeward  side  under  the  summit  of 
he  wave  down  to  the  earth's  surface  there  is  a  somewhat  higher 
iressure  than  there  would  be  in  case  no  such  current  existed. 
The  clear  descending  air  by  its  dryness  has  also  a  slightly 
^ater  density  than  before  at  the  same  temperature  and  pres- 
ure  which  adds  somewhat  to  the  barometric  excess.  The  cooi- 
ng by  radiation  annuls  approximately  the  warming  by  com- 
)re8sion  and  again  gives  increased  density.  These  three  factors 
herefore  conspire  to  increase  the  pressure  at  the  earth's  surface 
ind  this  is  again  further  increased  largely  by  the  influences 
>f  the  earth's  rotation  and  the  southward  flow  as  explained  by 
?errel  and  Helmholtz.  TKis  is  the  best  explanation  that  I 
lave  yet  been  able  to  frame  of  the  formation  of  the  high  areas 
.nd  cold  waves  that  move  southeastward  over  Canada  and  the 
Jnited  States.  I  believe  that  I  first  stated  my  conclusion  as 
o  this  mechanism  when,  in  1876,  I  had  occasion  to  urge  the 
mportance  of  maintaining  meteorological  stations  in  Alaska. 
The  reports  from  these  stations  as  subsequently  established,  as 
veil  as  the  international  maps  of  the  Signal  Service,  served  to 
ionfirm  that  view.  The  original  current  on  the  Pacific  side  of 
he  Rocky  Mountains  may  be  due  either  to  a  special  cyclone 
>r  to  the  general  circulation  of  the  atmosphere  resulting  in  a 
taDding  wave  whose  summit  is  over  the  Mackenzie  River ; 
vhen  the  current  temporarily  ceases,  the  summit  and  the  high 
.rea  die  away ;  and  when  it  is  strongest,  the  high  pressure  is 
he  greatest ;  generally  the  original  current  may  be  considered 
.8  a  temporary  overflow  from  northern  Siberia  along  the  arctic 
drcle  to  Alaska. 

WasbiDgton,  March,  1892. 

[P.  S.  As  I  finish  this  paper  I  perceive  from  the  last  number 
A  the  Meteorologische  Zeitschrift  that  Dr.  William  Trabert  of 
Vienna  has  repeated  and  confirmed  Maurer's  calculation  of  the 
loefllcient  of  radiation.  But  the  values  (respectively  0*036 
.nd  0*032  calories  per  hour  per  kilogram  of  air)  thus  deduced 
rom  meteorological  observations  cannot  be  preferable,  as  I 
lave  above  stated,  to  the  direct  experimental  detennination. 
Prabert  gives  the  values  of  the  annual  average  temperature  of 
he  enclosure  toward  which  radiation  is  supposed  to  have  taken 
>lace  during  the  night,  which  values  are  between  I  and  8 
legrees  Centigrade  below  the  temperature  of  the  radiating 
aase.] 
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Art.  XLVI. — Exiierimenta  upon  the  Constitution  of  cerlain 
Miem  and  Vldoritea ;  by  F.  W.  Clabke  and  E.  A. 
Schneider. 

Shortly  after  the  publication  of  our  first  joint  paper  upon 
the  constitntion  of  the  natural  silicates,*  we  received  from  Jlr. 
A.  L(*>scii,  curator  of  miuorals  in  the  Imperial  School  of  Mines 
at  St.  Petersburg,  some  highly  important  material  bearing  tip)n 
our  researches.  Our  work  upon  leuchtenbergite,  it  will  be 
remcnil)cre(l,  was  defective,  on  account  of  impurity  in  the 
specimcup' at  our  disposal;  and  Mr.  L<isch  therefore  sentnsa 
supply  of  the  perfectly  pure  mineral,  selected  with  extreme 
eare,  and  in  the  very  beet  condition  for  study.  To  this  jjift  lie 
added  four  other  minerals  which  he  thought  would  be  of 
interest  to  us,  and  upon  these  five  specimens  our  present  coui- 
munication  is  founded. 

The  minerals,  and  the  analyses  are  as  follows; 

A.  Xauttiuphyllite,  var.  Waluewile,  from  the  Nikolai-Maii* 
miliau  miin',  Dlfiiriia  of  Slatoiist,  UraL 

B.  Cliriocliliire  from  ihe  same  locality.  Green,  broadly 
foliated,  closfiv  rt'simbling  the  mineral  from  Went  Chester, 
Pennsylvania.' 

C.  I.euphioiiburgiie  from  Shitonst. 

D.  "Diullagi.'  si;r[)entiiio"  from  tlit*  River  Poldnewaja,  Dis- 
trict of  Sysst^rt,  Ural. 

'■■    ik,  Ural. 

K. 


E.  Wliite  I 

nica  iVoi 

n  Minsk, 

Ural. 

A. 

B. 

C. 

1). 

HiO, 

10-8.i 

30-K4 

30-00 

42  55 

Ti() 

trace 

Al.O. 

4i!-:!:) 

lH-31 

?0-43 

V-as 

1-...0 

■•■■a:-. 

i-n-t 

l-JIft 

1-50 
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The  molecular  ratios  dedneible  from  these  analyses,  reject- 
ing water  given  off  below  300°,  and  the  chroinito  contained  in 
the  serpentine,  are  as  followe : 

A.  B.  C.  D.  K. 

SiO,  -281  -516         -SOI)         -709         '736 

K,0,  ■■130  -192  -nx  022  -SIl 

RO  -759         -874  SCI        VO-Zi         '004 

11,0  124 

H.0  -247  -713         -714         '675         -230 


Hence  we  get  the  following  empirical  foruiulie,  in  which  all 
E"'  =  AI,  all  R"=Mg,  etc. 

Waluewite,  AI.;ag„H,„(SiO,)„0,„ 

CUnochlore,  Al,.Mg.,H„.(SiOJ„jO,„ 

Leuchtenbergitc,  Al  M^'.,H  ,(SiO.).„0,„ 

Sorijentine,  AI.Mg,  .H,„(SiO,,.,0„ 

Mica,  Al,.K,.U..(SiOJ,.O.F, 

The  last  of  these  minerals  is  evidently  an  ordinary  innsco- 
vitc,  possibly  a  little  altered,  and  will  receive  no  further  con- 
sideration in  this  paper.  The  other  minerals  were  examined 
more  in  detail,  with  very  interesting  results.  As  in  our  pre- 
vious work,  all  experiments  upon  each  mineral  were  made  upon 
a  uniform  sample  of  the  powdered  material,  bo  that  direct 
comparisons  with  the  analyses  might  be  possible.  The  analyses 
'  themselves  agree  closely  with  the  published  analyses  made  by 
others,  and  are  noteworthy  only  m  the  fractional  determina- 
tions of  the  water. 

Towards  dry,  gaseons  hydrochloric  acid,  at  the  temperature 
interval  383°— 112'',  the  minerals  under  investigation  were 
Bomewhat  refractory.  From  the  waluewite,  after  nine  hours 
heating  in  the  gas,  only  0'22  per  cent  of  lime  and  O'lO  per  cent 
of  magnesia  were  extractable  by  water.  Hence  we  may  fairly 
infer  that  the  species  contains  ])ractically  no  -Mg-OIl  groups, 
a  result  which  is  in  accordance  with  theoi'y,  as  will  he  seen 
later.  The  chlorites  and  the  serpentine,  however,  gave  anoraa- 
loas  results,  as  follows;  there  being  two  exiieriments  on  each. 

Clinochlore.  Lcuclilciihorsiili'.  Sorirentine, 

Hours  heated,        8*  13  ml-  isi  281  7 

MgO  extracted,  7-34         5-48  7-;Kf         5t>-*  Z-m         2-66 

In  each  case  the  heating  was  continued  to  constant  weight, 
bnt  the  amount  of  action  was  much  less  than  in  the  American 
clinochlore  and  serpentines  which  we  formerly  investigated. 
The  leuchtenbergite  behaves  much  like  the  impure  material 
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discussed  in  our  earlier  paper,  from  which  629  per  cent  of 
magiieeia  was  removable ;  but  more  than  doable  that  amoani 
is  required  to  represent  the  MgOH  which  muBt  be  present 
under  any  recognized  theory. 

These  results  were  so  unsatisfactory  that  further  worl: 
seemed  to  ])g  desirable,  but  the  tediousness  of  the  process  wu 
discouraging.  As  a.  possible  abbreviation  of  the  method  i 
new  device  was  tried,  which,  although  as  yet  anconclusive  in 
its  outcome,  is  nevertheless  interesting.  Ammonium  chloride, 
as  is  well  known,  dissociates  upon  vaporization  into  ammonia 
and  hydrochloric  acid.  Will  it  then,  dissociating  in  presence 
of  a  silicate,  act  in  any  way  by  virtue  of  the  acia  60  lioerated  i 
This  question  is  still  under  investigation ;  but  some  ptclimi- 
nary  data  may  here  be  given.  In  each  experiment  the  mineral 
was  intimately  mixed  with  ten  times  its  weight  of  Bal  ammoniac, 
and  then'  heated  in  a  platinum  crucible,  well  below  redness, 
until  all  the  ammouium  sidt  had  been  vaponzed  and  driven  off. 
The  residue  was  then  leached  out  with  water,  and  the  solaMe 
magnesia  determined.  Upon  olivine  and  waluewite  there  was 
very  little  action,  as  in  the  case  of  the  treatment  with  gaseoni- 
hydrochloric  acid;  but  npon  the  clilorites  and  serpentine  there 
was  a  vigorous  attack.  The  magnesia  thus  rendered  soluble 
was  as  follows : 

Ciinoeliloio.        Louchtanborgite.         Serpentine. 
Percent  MgO,  2'12  3-98  4-93 

In  a  second  series  of  experiments'tho  minerals  were  heated 
ae  before  with  ammonium  chloride  until  the  latter  was  driven 
off.  Then  a  fresh  charge  of  chloride  was  added  to  the  content.: 
of  the  crneihle  and  cxiwlled  like  the  first.  Finally  a  third 
charge  was  added  and  likewise  expelled.  By  this  means  more 
magnesia  was  converted  into  cliloride  than  m  the  first  expert- 
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part  of  a  silicate,  but  not  its  actual  amount.  Probably  the 
nvdroxyl  is  first  replaced  by  chlorine,  converting  the  ^roup 
-ilgOH  into  the  chlorhydrin-like  group  -MgCl.  The  latter, 
by  continued  action  of  the  gaseous  acid  is  then  possibly  split 
on  as  MgCl,,  but  with  secondary  reactions  to  whicn  the  anoma- 
lous and  irregular  results  may  be  due.  The  question  is  still 
open,  and  we  hope  by  further  experiments  to  get  at  something 
more  conclusive.  The  problem  is,  to  measure  basic  hydroxyl 
by  its  replacement  with  chlorine ;  and  there  seems  to  be  no 
good  reason  why  it  should  not  be  solvable. 

By  strong  aqueous  hydrochloric  acid  the  chlorites  and  the 
serpentine  were  easily  decomposed  ;  but  by  previous  ignition 
they  were  split  up  into  soluble  and  insoluble  portions.  This 
splitting  up  is,  in  the  case  of  serpentine,  already  well  under- 
stood ;  the  products  being  as  Daubree  has  shown,  olivine  and 
enstatite.  For  the  waluewite  and  the  chlorites,  however,  the 
existing  data  were  scanty,  and  accordingly  new  experiments 
were  undertaken.  In  each  case  the  powdered  mineral  was 
ignited  over  a  blast  for  several  hours.  It  was  then  digested 
with  strong  hydrochloric  acid,  and  after  evaporation  to  dryness 
and  re  solution,  the  residue  was  filtered  oflF.  Then,  after  dry- 
ing and  ignition,  it  was  boiled  with  aqueous  sodium  carbonate 
to  remove  the  silica  which  had  been  released  from  the  soluble 
silicates,  and  the  final  residue  was  weighed  and  analyzed.  As 
this  process -was  followed  in  our  first  investigation  with  the 
Pennsylvania  ripidolite,  the  results  are  included  here  for  com- 
parison with  the  Siberian  material.  The  percentages  of  insolu- 
ble residue  were  as  follows : 

Waluewite.        Clinochlore.      Loiichtenbergite.     Ripidolite. 
Found,  45-01  17-56  19*24  19'74 

Corrected,    43-96  16.63  1805  18-49 

In  the  second  line  the  silica  found  in  the  residues,  being 
presumably  extraneous,  is  deducted.     The  composition  of  the 

residues  is  given  below. 


Waluewite. 

Clinochlore. 

Leuclitenl)erji:ite. 

Ripidolite. 

SiO, 

2-34 

5-25 

6-10 

6-32 

H,0, 

71-12 

67-20 

68-5L> 

67-81 

MffO 

26-75 

27-80 

25-12 

25-07 

CaO 

trace 







100-21  100-34  09-HO  90-8() 

In  these  analyses  the  silica  ranges  from  ('-915  to  1*25  per  cent 
of  the  original  mineral,  and  the  remainder  has  (juite  sharply 
the  composition  of  spinel.  This  point  was  noticed  in  our 
former  paper,  in  the  case  of  the  West  Chester  ripidolite ;  but 
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since  then  it  has  acquired  nev  eignificaace,  and  it  is  empha- 
Bizod  by  the  new  analyses.  Leaving  the  walnewite  for  sepa- 
rate consideration,  it  is  to  be  noted  that  the  three  chloritee 
stadied  by  us  are  all  typical  members  of  Tschermak's  ortho- 
chlorite  seriee;  which,  according  to  him,  are  mixtnres  of  two 
'end  compounds,  eerpentine  and  ameaite.  How  amesite  mij 
behave  apon  ignition,  we  do  not  know;  but  serpentine  splits 
up,  as  is  well  Known,  into  olivine  and  enstatitc ;  the  latter 
being  insoluble  in  hydrochloric  acid.  Under  Tscbermak's 
theory'  of  the  chlorites,  a  clinochlore  of  the  compositioD  SpAt, 
should  upon  ignition  yield  about  18  per  cent  of  enstatite;  or 
in  otIiBr  words,  the  insoluble  residue  shonld  contain  at  Ua*t 
one  third  of  all  the  silica  in  the  mineral.  Since  no  enstatite  is 
actually  formed,  or  practically  none,  it  is  plain  that  the  tliree 
ehloriteis  here  considered  contain  no  serpentine  molecules: 
and  hence,  so  far  at  least  as  these  minerals  are  concerned, 
Tseherinak's  theory  falls  to  the  ground. 

Approximately,  but  not  exactly,  the  formation  of  spinel 
from  the  walnewite  and  the  chlorites,  seems  to  follow  a  smgte 
quantitative  law.  To  illustrate  this  the  empirical  formal* 
may  be  reproduced  hei-e. 

Walucwitc,  Al  .Ca,.Mg.,H„  {SiOJ,  O,., 

Clinoclilore,  Al„        Mg,.II,.,(SiO,)„0„', 

Leudileiibergite,  Al„       Mg„H,„{SiO.},.<>,„ 
Ripidolite,  Al,.        >Ig,.II„.{SiO.)„0,„ 

I'lHm  ignition,  of  course,  water  is  expelled,  and  the  ignited 
residue  is  empirically  as  follows: 

Walmwite,  Al,„Ca,3[g„{SiO,)„0,.. 

Clinochloro.  Al„        M'j.,(Si0.)„O., 

Leuelitcnbergite,  Al„        Ms„(Si<>,)„0„ 
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the  final  result.  If  we  deduct  tlie  spinel  from  the  composi- 
tion of  each  mineral,  the  soluble  portion  is  expressible  as  a 
mixture  of  olivine  and  magnesian  garnet ;  two  species  which 
are  among  the  commonest  progenitors  of  the  chlorite  group. 
That  olivme  and  garnet  are  actually  formed  is  certainly  not 
proved  ;  but  it  seems  highly  probable  that  the  chlorites  studied 
do  split  up  in  the  manner  indicated,   yielding  water,  spinel, 

?amet  and  olivine  as  the  final  products  of  decomposition, 
►ther  chlorites  may  behave  differently ;  and  it  is  quite  likely 
that  the  species  or  varieties  rich  in  iron  may  diverge  widely 
from  the  types  considered  here.  Speculation  upon  this  theme 
would  be  premature. 

As  to  the  chemical  structure  of  the  leuchtenbergite  and 
clinochlore,  the  evidence  now  available  is  quite  in  harmony 
with  the  general  theory  of  the  chlorite  group  recently  advanced 
by  one  of  us.*  Again  including  the  Pennsylvania  ripidolite, 
the  three  chlorites  reduce  to  compositions  as  follows : 

.    Clinochlore,  Mg,„(SiOJ,,(AlH,0,)„(MgOH)   H„ 

Leuchtenbergite,    Mg„{SiOj,,(AIII,0,)„(MgOIl).X 
Ripidolite,  Mg„(SiOj,„(AlH,OJ„(MgOH)„n„ 

Condensing,  by  union  of  the  univalent  factoids,  these  be- 
come— 

Clinochlore,  Mg,,(SiOJ,,R\„ 

leuchtenbergite,        ^Ig^C^^iOj.^R'.^, 
Ripidolite,  Mg,,(SiOJ,,R',„, ; 

or,  in  general,  all  three  examples  have  nearly  identical  compo- 
sition, and  conform  to  the  typical  expression — 

Mg,(SiO,),R'., 

in  accordance  with  the  theory  which  represents  them  as  sub- 
stitution derivatives  of  the  normal  salt  Mg^fSiOJ,.  We  may 
interpret  the  minerals  in  detail  as  w^as  done  in  the  case  of  our 
earlier  discussion  of  the  West  Chester  ripidolite,  or  we  may 
regard  them  as  mixtures  of  the  two  saTts — 

Mg,(SiO,),(AlH,0.,)JMgOn),]I 
and  Mg,(SiO,),(AlII/)J,(MgOII) Jl 

In  either  case  the  juxtaposition  of  the  groups  Al  11.^0^  and 
MgOH  renders  the  formation  of  spinel  inrelligil)le. 

In  the  waluewite,  or  more  properly  xantliopliyllite,  we  have 
the  first  example  of  a  true  brittle  mica  met  witli  in  the  coui-se 
of  our  investigations.  Being  the  most  basic  known  member 
of  the  clintonite  series,  it  has  peculiar  interest ;  and  it  deserves 
a  feoraewhat  detailed  discussion.  In  the  empirical  formula 
deduced  from  our  analysis, 

♦This  Journal,  March,  1892. 
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Al,.Ca,.Mg.,H„(SiOJ„0„., 
the  most  noticeable  fcatui-e  is  the  great  excess  of  oxygen  com- 
pared with  the  possible  hydroxy!  and  the  small  amount  of 
SiO,.  This  excess  is  accounted  for  in  part  hy  the  general 
formula  which  we  have  heretofore  assigned  to  the  clintonite 
group, 

"■^SiO,    R',; 

which  formula,  however,  needs  some  extension  along  a  new 
line.  In  that  formula  the  eroup  of  atoms  —  A10,R"  appears, 
an  equivalent  obviously  of  the  group  A10,H, ;  and  this  group 
may  fairly  be  repeated  among  the  component^  of  R',.  Willi 
Buoh  a  gronp,  the  extreme  member  of  the  clintonite  series 
should  have  the  composition  (AIO,B"),SiO, ;  and  a  molecule  of 
that  type  is  theoretically  capable  of  splitting  up  into  oHvine 
and  spinel  in  the  ratio  of  1:2,  when  each  mineral  is  given  its 
lowest  possible  formula : 

(AIO,R"),SiO.=R",SiO,-)-2R"AI,0, 

In  the  ease  of  xanthophyllite,  if  Euch  a  molecule  is  con- 
tained in  it,  the  olivine  formed  should  be  partly  monticellile. 
At  Monzoni,  monticellite  is  found  associated  with  spinel;  and 
brandisite,  a  member  of  the  clintonite  series,  occurs  in  the 
same  region.  In  fact,  all  three  of  the  troe  clintonite  micas  are 
commonly  associated  with  spinel,  a  fact  of  much  interest  when 
considered  in  its  relations  to  our  experiments.  In  the  light  of 
the  foregoing  argument  the  composition  of  walnewite  and  \ti 
manner  of  decomposition  by  heat,  may  1)6  represented  as  fol- 
lows: 
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Founds  reduced. 

Calculated 

SiO, 

16-97 

17-02 

Al.O. 

4414 

44-71 

Cab 

13-50 

13-00 

MgO 

20-92 

20-63 

H,0 

4-47 

4-04 

100-00 

10000 

Spinel  formed. 

43-96 

43-94 

koned  on  a  eimilar  basis,  clintonite,  according  to  the 
is  published  by  Sip()cz,  may  be  written — 

A10,K".  8iO^ .  H3  +  (A10,R''),.  SiO, 

•andisite  is  of  the  same  general  character,  with  a  small 
ture  of  the  first  of  the  three  xanthophyliite  molecules 
in  our  structural  expression.  Whetlier  chloritoid  is  a 
lember  of  this  group,  seems  to  be  uncertain  ;  but  if  it  is, 
fipositiou  may  be  written  A10,Fo .  SiO, .  H  .  AlOII ;  the 
ictor  being  a  bivalent  group  related  to  the  univalent 

I,. 

for  the  ultimate  structure  of  the  group  A10,B'',  it  may 
tten  in  two  ways,  thus : 

-  A1<^>R"  or  -R'-O- Al  =  O 

rst  form  corresponds  to  the  group  —  A1(0H)„  the  second 
formula  commonly  assigned  to  spinel, 

Mg<0-Al=0 

ier  case  two  of  the  groups  A10,R"  coalesce  to  form  one 
ule  of  spinel,  with  removal  of  a  single  magnesium  atom. 
\  coalescence  is  easiest  comprehended  when  the  second 
)f  the  radical  is  chosen  ;  but  the  first  form  is  more  har- 
us  with  the  constitution  of  the  mica  series  in  general. 
5  xanthophyliite  compound  (A10,R''),Si0,  be  regarded 
jndently  of  the  micas,  it  is  most  simply  written  as  fol- 
with  its  splitting  uj)  into  olivine  and  spinel  as  indicated: 

/0-Mg-0-Al  =  0  /O^xf       Tvi   /0-Al=0 

'<:0_Mg-0-Al=0  x^Ov^^c       ,c   ^0-Al=0 

\o-m|-o-ai=o       \o>^^"   ^^s<o-ai=o 

wever,  for  the  sake  of  preserving  harmony  with  the  mica 
1»  we  adopt  the  first  expression  for  —  AlOJl'',  then 
would  seem  to  have  the  constitution 

Mg<Q>  Al-0-.A]=0 
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Although  the  last  formula  is  somewhat  novel,  it  is  not 
altogether  improbable;  but  between  it  and  its  alternative  ve 
cannot  yet  certainly  decide.  Another  open  question  is  fur- 
nished by  the  chloritea,  in  which  .the  formation  of  Buinel  may 
possibly  be  due  to  the  presence  of  AlO.Mg  groups.  TTpon  tbis 
supposition,  however,  tlie  chioritcs  do  not  reduce  to  simple  for- 
muJEe,  and  therefore  the  sii<;ge8tion  has  slight  value.  Apart 
from  all  theoretical  considerations,  the  spinet  reaction,  as  il 
may  fairly  be  called,  is  one  of  an  entirely  new  order  in  mineral 
chemistry,  and  it  opens  up  a  noteworthy  line  of  attack  upon 
the  diflicnlt  prolilems  before  us. 
Laboratory  (.T  &.  (.!eo1oj(ica1  Purvey,  Wasliin);ton,  Jan.  14,  1892. 


Art.  XL VII, — On  the  Qualitative  Separation  and  Deteetim 
of  Strontium  and  Ualfixrn  hy  the  Action  of  A.tnyl  Alcohd 
on  the  JVitraten ;  by  P.  E.  Erowning. 

[Contrihtitions  froui  the  Kent  Cbemicnl  Liiboratnry  of  ValeCollt^,  XIII.) 

In  a  recent  paper*  I  have  shown  that  strontium  and  cal- 
cium may  be  separated  quantitatively  by  boiling  the  nitrates 
of  these  elements  with  amyl  alcohol  and  applying  the  eorrw- 
tions  determined  for  the  solubility  of  the  strontium  salt.  Tbe 
qualitative  separation,  however,  is  somewhat  vitiated  by  the 
Qcposition  of  a  slight  rcsidnc  upon  the  bottom  of  tbe  test  tube 
or  beaker  when  calcium  nitrate  is  boiled  with  amyl  alcohol. 
White  this  deposit  weighs  but  a  few  tenths  of  a  milligram  and 
is  insignificant  in  its  effect  upon  tike  interpretation  of  the 
quantitative  results,  it  may  easily  be  mistaken  for  strontium  Id 
the  qualitative  test  unless  tested  spectroscopicallj.  This  resi- 
due when  dried,  dissolved  in  water  and  nitric  acid,  and  again 
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to  keep  the  inflammable  fumes  of  the  alcohol  from  the  flame. 
Five  cubic  centimeters  of  the  alcohol  is  a  convenient  amount 
to  use  in  each  boiling  and  the  error  introduced  by  the  solubil- 
ity of  the  strontium  salt  is  thus  reduced  to  a  minimum,  the 
solubility  in  30cm'  having  been  determined  to  be  0*001  grm.  of 
the  oxide.  Experiments  made  to  test  the  delicacy  of  the 
method  as  regards  the  detection  of  strontium  alone  are  re- 
corded in  Series  I  (5),  (0),  (7),  (8),  (D)  ;  and  (10),  (11),  (12),  (13), 
give  the  results  of  the  treatment  in  the  presence  oi  both 
strontium  and  calcium.  Into  a  test  tube  is  put  the  mixture  of 
the  nitrates  of  strontium  and  calcium  not  exceeding  0*2  grm., 
that  being  the  limit  of  the  solubility  of  calcium  nitrate  in 
5cm'  of  amyl  alcohol.  After  dissolving  in  a  few  drops  of 
water  5cm'  of  amyl  alcohol  are  added  and  the  boiling  is  carried 
on  until  the  nonfial  boiling  point  of  the  alcohol,  128-130°  C, 
is  reached.  If  strontium  is  present  to  the  amount  of  0-001 
grm.  of  the  oxide  or  more  a  very  decided  separation  takes 
place.  If  the  amount  is  smaller  it  cannot  be  readily  distin- 
guished from  the  residual  spots  deposited  on  the  bottom  of  the 
tube  by  the  calcium  salt.  The  alcohol  containing  the  calcium 
salt  dissolved  is  decanted  upon  a  dry  filter  paper  in  a  dry 
funnel  and  the  residue  washed  in  the  tube  with  about  5cm'  of 
absolute  ethyl  alcohol,  this  also  being  filtered  into  the  tube 
containing  the  amyl  alcohol.  The  filtrate  is  reserved  to  be 
tested  for  calcium,  while  the  residue,  if  so  small  that  it  may 
be  a  calcium  deposit,  is  dried  gently  and  finally  ignited  by 
agitating  the  tube  over  a  flame.  After  cooling  the  tube  a  few 
drops  01  water  and  a  drop  of  nitric  acid  are  added  and  the 
boiling  repeated.  As  the  results  of  Series  I  show,  any  amount 
of  strontium  above  0*0005  grm.  of  the  oxide  separates  out  dis- 
tinctly, while  the  slight  calcium  residue  does  not  reappear. 
My  experience  has  been  that  amounts  of  calcium  nitrate  equal 
to  0*2  grm.  give  a  deposit  on  the  first  boiling  about  equal  to 
0*0003  grm.  of  strontium  oxide  on  the  first  boiling.  The 
residues  from  the  second  treatment  in  Series  I  (5)  to  (18)  were 
all  dissolved  in  a  few  drops  of  water  treated  with  a  drop  of 
hydrochloric  acid  and  tested  before  the  spectroscope,  all  giving 
distinct  strontium  lines  but  no  trace  of  calcium.  The  calcium 
residues  from  the  first  boiling  gave  distinct  calcium  lines  but 
no  trace  of  strontium. 

The  delicacy  of  the  process  in  the  detection  of  calcium  is 
shown  by  the  experiments  of  Series  II.  The  method  of  treat- 
ment was  the  same  as  described  above  excepting  that  the  fil- 
trates and  washings  after  the  first  boiling  were  used  for  these 
tests.  To  these  clear  filtrates  about  2cm'  of  dilute  sulphuric 
acid  were  added,  and  in  five  minutes  or  less  the  results  recorded 
were  apparent     When  strontium  alone  was  taken   either   in 
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large  or  small  aniounte,  the  resalt  was  uniformly  a  faint  dondi- 
ness  gathering  after  standing  sometime  to  a  minute  precipitate 
of  a  granular  oliaractcr.  In  the  case  of  the  calcium  the  aetec- 
tion  could  be  carried  easily  to  00005  grm.  of  the  oxide,  and 
satiaf aetory  results  were  obtained  with  0*0002  grm.  The  charac- 
ter of  the  precipitate  in  the  case  of  calcium  was  moreover, 
distinctive,  it  being  in  every  case  light  and  flocky,  and  collect- 
ing in  floating  massee.  With  the  precautious  noted  very  satis- 
factory results  can  be  obtained  by  this  method,  not  the  leist 
advantage  being  the  rapidity  with  which  a  determination  can 
be  made.  It  will  be  noticed  that  in  some  cases  calciam  and 
strontiiiia  are  recorded  as  the  nitrates  and  in  others  tabulated 
UK  oxides.  When  either  strontium  or  calcium  were  used  in 
large  quiuitities  the  pure  nitrate  was  weighed  out  directlv; 
when  very  small  amounts  were  used  these  were  taken  from  tte 
standardized  Holntions  of  the  nitrates  used  in  the  quantitatire 
work,  the  standards  of  which  had  been  recorded  in  terms  of 
the  oxide.     The  strontium  and  calcium  salta  used  iu  this  work 
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r.  XLVIIL — The  Age  and  Origin  of  the  Lafayette  For- 
mation ;  by  Eugene  W.  IIilgard. 

'he  interest  so  widely  felt  in  the  Lafayette  formation  since 
great  extension  northward  has  been  definitely  established 

its  details  in  that  region  studied  by  Mr.  W.  J.  McGee,  and 
jribed  in  other  special  communications  on  the  subject  which 
e  reached  me,  suggests  the  timeliness  of  a  summary  presen- 
on  of  my  views,  as  shaped  under  the  light  of  a  fuller  view 
he  whole  formation  and  a  review  of  the  matter  in  the  Mis- 
Ippi  Embayment  during  the  past  summer,  by  a  party  of 
legists.  This  party  included,  besides  Mr.  McGee  and  my- 
,  Professors  Safford  of  Tennessee,  Smith  of  Alabama, 
Imes  of  North  Carolina,  and  Lester  F.  Ward  and  R.  T.  Hill 
he  U.  S.  Geol.  Survey. 
L8  the  publications  containing  the  record  and  discussion  of 

former  observations  (in  which  the  formation  carries  the 
16  of  "  Orange  Sand,"  now  dropped  by  agreement)  are 
icult  of  access  after  the  lapse  of  from  twenty  to  over  thirty 
rs,  it  may  be  necessary  to  recapitulate,  summarily,  the  main 
tits  as  then  presented,  in  order  to  render  the  later  discussion 
Eligible  to  all  interested. 

?he  eastern  outline  of  what  I  have  called  the  "Orange 
id  Delta  "  extends  from  a  point  near  Cairo,  through  western 
Qtncky  and  Tennessee,  nearly  through  the  northeast  corner 
Mississippi  into  Alabama;  whence,  as  I  then  ascertained 
n  the  descriptions  of  Tuomey,  and  by  correspondence  with 

Joseph  LeConte,  it  passes  eastward  around  the  Appa- 
lian   highlands  into   the   Carolinas   and   thence   north    to 

g'nia  and  Maryland.     On  the  west,  I  traced  the  formation 
.  D.  Owen's  descriptions  through  Arkansas,  and  person- 
'  through  Louisiana  and  across  the  Sabine  into  Texas. 
V^ithin  the  limits  given,  say  between  the  Warrior  river  on 

east  and  the  Sabme  on  tne  west,  and  excepting  the  areas 
upied  by  the  Cretaceous  prairies,  the  (Tertiary)  "  Flatwoods," 

liOess,  and  the  Mississippi  bottom,  the  formation  as  a  rule 

at  or  near  the  surface  of  the  country,  most  frequently 
ered  by  a  few  (three  to  ten)  feet  of  brown  or  yellow  loam 
much  later  date,  since  it  also  overlies  the  Loess.  The 
racteristic  concretionary  ferruginous  sandstone  of  the  for- 
don  (replaced  occasionally  by  a  white  siliceous  sandstone  or 
rt)  caps  nearly  all  the  higher  ridges,  the  crests  of  which  it 

protected  from  degradation,  and  usually  forms  the  upper 

tion,  or  sometimes  the  entire  body  of  such  ridges ;  showing, 

their  alternation  with  others  bearing  only  a  thin  cap  of  the 

n.  Jour.  Sol— Thiud  Series,  Vol.  XLIII,  No.  257.— May,  1892. 
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"  Orange  Saod,"  tbat  the  latter  has  been  deposited  on  a  deeply 
denuded  Biirface.     The  Utter  fact  is  also  shown  in  nnmeroni 

firotilee,  and  is  the  rule  in  the  interior  nplande :  while  near  the 
ai^er  river  troughs,  and  notably  in  a  north-and-south  direction. 
the  unconformity  is  less  conspicuous  and  the  lower  limit  of  the 
formation  is  less  uneven.  In  the  eouthern  portions  of  ilmlt 
sippi  and  Lonisiana,  the  rolling;  plateaus  tliat  bear  the  great 
long-leaf  pine  forest,  are  underlaid  by  the  formation  some- 
times to  the  depth  of  over  200  feet.  It  reaches  the  Gulf  aliore 
at  only  a  few  j>oints;  in  Miseissippi  near  Shieldsboro',  where 
pi'Oiuinent  ridges  abut  on  the  coast  plain  on  Pearl  river  abont 
20  miles  above  its  mouth.  In  Louisiana  the  shore  is  reached 
at  the  Island  of  Petite  Anse,  where  it  immediately  overlies  the 
(doubtless  Cretaceous)  rock-salt  deposit.  Within  the  last  few 
years  it  has  been  proved  to  reach  the  shore  of  Mobile  Bay,  bj 
Lawrence  Johnson. 

The  material  of  the  formation,  away  from  large  channeir 
and  from  contact  with  underlying  beds,  is  predominantiv  a 
ferrnginons  (sometimes  more  or  less  clayey),  hence  usnallj 
orange  or  rust-colored,  but  sometimes  purplish,  white  or  varie- 
gated sand,  consisting  almost  entirely  of  quartz  grains  ranch 
rounded  and  smootlily  polished,  and  very  commonly  incmsted 
with  the  rusty  pigment.  This  external  character  of  the  sand 
is  popularly  so  well  underetood  that  building  contracts  ex- 
pressly provide  for  •'  river  or  creek  "  sand,  prohibiting  the  use 
of  tliat  formed  of  the  smootli,  round  grains  for  mortar.  Seu 
the  surface  of  the  formation  this  sand  is  commonly  more  or 
less  commingled  with  the  surface  loam  or  its  washings ;  while 
where  it  overlies  clayey  formations  of  whatever  age,  it  is  coin- 
monly  more  or  leas  commingled  with  similar  clays  (moreoi 
less  altered),  whether  by  inter-bedding,  intermixture,  or  ven 
monly  by  the  itjcluwiou  of  roiiiided  clay  fragments,  ratigiD;; 
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The  substance  of  this  gravel  is  by  far  predominantly  chert 
of  Subcarboniferous  age,  less  frequently  siliceous  sandstone  and 
qnartzite ;  but  the  corals  and  crinoids,  as  well  as  occasionally 
the  trilobites  of  the  older  Paleozoic  rocks  are  always  more  or 
less  represented.  No  calcareous  rocks  have  been  found  any- 
where; but  in  and  near  the  main  channel  of  the  Mississippi, 
pebbles  of  crystalline  rocks — granite,  eyenite,  gneiss,  mica-schist, 
as  well  as  dioritic  greenstone  and  eruptives — are  not  uncom- 
nion,  though  always  much  rounded,  usually  small  but  occa- 
sionally of  several  f)0und8  weight,  and  usually  also  much 
decayed.  A  similar  assortment  of  crystalline  rocks  was  ob- 
served by  me  at  Petite  Anse  island,  on  the  Gulf  shore,  in  the 
direct  line  of  the  axis  of  the  Mississippi  valley. 

While  the  size  of  the  pebbles  commonly  ranges  from  that  of 
a  walnut  to  that  of  a  fist,  there  occur  occasionally  bowlders  of 
considerable  weight,  up  to  several  hundreds  of  pounds,  of  the 
same  rock  material  as  the  smaller  gravel. 

The  structure  of  the  formation  is  extremely  irregular.  It 
may  broadly  be  said  to  be  approximately  horizontally  bedded 
or  stratified,  without  having  any  well-defined  general  dip,  save 
in  that  it  conforms  to  that  of  the  general  surface  of  the  country 
to  southward.  In  its  upper  portions  it  is  sometimes  wholly 
structureless  in  profiles  of  as  much  as  twenty  feet,  when  the 
material  is  usually  somewhat  clayey  and  constitutes  a  sandy 
loam.  Most  commonly  however  the  bedding-lines  are  con- 
spicuous and  very  complex,  showing  the  flow-and-plunge  struc- 
ture of  sand-bars,  often  alternating  with  that  of  beaches,  and 
then  again,  particularly  on  the  more  consistently  continuous 
stratification  lines,  the  peculiar  wavy  structure  which  belongs 
to  the  flood-deposits  of  valleys.  The  bedding  and  stratification 
lines  are  commonly  conspicuously  marked  by  the  ferruginous 
coloring  which  pervades  more  or  less  the  whole  formation  and 
doubtless  forms  an  important  landmark  in  its  history. 

In  this  irregularity  of  stratification  and  bedding  the  formation 
differs  pointedly  from  the  bulk  of  the  Tertiary  formations  that 
have  preceded  it  on  the  same  areas ;  although  locally,  cross- 
bedding  occurs  in  these  as  in  all  formations  of  sandy  materials. 
But  in  the  Lafayette  beds  the  structure  resulting  from  deposi- 
tion in  flowing  and  violently  agitated  waters  is  all  but  universal. 

In  its  stratiyrapliic  relatiouH  to  other  formations  the  ''  Orange 
Sand"  of  the  Mississippi  embayment  shows  a  prevalent  uncon- 
formity with  both  the  older  and  later  beds  with  which  it  is  in  con- 
tact. It  has  been  deposited  on  a  deeply  eroded  or  sculptured 
surface,  and  has  itself  suffered  deej)  erosion  before  the 
deposition  of  the  succeeding  deposits.  Yet  inasmuch  as  in  its 
formation  it  has  largely  drawn  upon  the  materials  of  the  sub- 
jacent beds,  apparent  conformity  frequently  exists  where  these 
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are  sandy;  while  complete  and  unquestionable  nnconforain 
may  be  exiiiliited  iii  the  next  ridee,  where  the  snbjafent  beo 
are  indurated  or  clayi-y.  Similarly,  apparent  conformitjoisu 
very  commonly  along  the  HiR^iseippi  river,  between  the  npf« 
member  of  the  Lafayette  and  tlie  Ix>ese  and  Port  Hndson- 
the  "Oohimbia"  of  McGee.  But  inland  the  most  strikii)! 
unconformities  may  be  seen  in  abundance,  proving  the  reras* 
condition  to  be  accidental. 

Ab  regards  its  tjeoloiiical  age,  since  it  overlies  the  l«ot 
recognized  Tertiary  (the  Grand  Gnlf  beds)  and  is  in  torn 
overlain  by  thu  earliest  recognized  Quaternary  of  tbe  regiun 
(the  Port  Ilndsou),  the  Lafayette  may,  a  priori,  be  claimed  for 
either  of  the  two  subdivisions ;  being  (in  the  "  Orange  Sand" 
facies  at  least)  entirely  devoid  of  foBsils  that  can  with  certaintr 
be  claimed  as  its  own,  although  eontainiog  abnudance  of  bor- 
rowed ones. 

Considering  tlie  conspieuonsly  detrital  nature  of  the  materiak 
the  predominantly  "Auvial"  structure,  and  the  total  abKiiK 
of  any  traces  of  contemporary  marine  fossilfl,  even  close  to  tLe 
shores  of  the  Gulf  and  in  materials  perfectly  adapted  to  tbeir 
preservation  :  it  lias  seemed  to  me  most  probable  that  the  fonni- 
tioii  as  a  whole  is  the  outcome  of  the  action  of  "  fresh  vrater  in 
the  state  of  violent  flow."  At  the  geological  level  we  mnfl 
attiihute  to  the  "  Orange  Sand"  at  least — the  latest  Tertiarr 
or  the  earliest  Quatei'narv — the  melting  of  the  contiueniil 
glacier  naturally  suggestetf  itself  to  my  mind  as  well  as  to  tliat 
of  Tuomey,  with  whom  I  discussed  the  subject  in  185rt.  This 
suggestion  acquired  especial  force  by  the  fact  tliat  crystalline 
bowlders,  apparently  identical  with  those  occurring  in  the 
moraines  of  Illinois  and  Missouri,  occur  in  the  main  axis  of  tW 
embavment  down  to  the  Gulf  shore,  where  the  current-veloeilj 
won!'!  prfHii!ii:ilily  \\v.  sjreiitest ;  while  outside  of  that  greatii:(J^ 
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even  pre-Cretaceous  time,  while  with  me  he  Btill  considers  the 
upper  portion  of  the  "Tuscaloosa"  as  being  the  same  materials 
re-arranged  by  aqueous  agencies  during  the  "  Orange  Sand  "  or 
Lafayette  epoch.  This  discovery  changes  the  general  aspect 
of  the  latter  formation  in  so  far  as  I  had  attributed  the  heavy 
gravel  deposits  of  the  Tennessee  and  Warrior  river  borders  to 
strong  currents  coming  from  the  northward — as  indicating  the 
course  of  the  easternmost  delta-bayou  of  the  glacial  flood; 
while  from  the  point  of  view  that  these  gravels  are  merely 
debris  torn  from  the  ancient  sub-Cretaceous  beach  formed  almost 
on  the  site  of  the  parent  rock-formation  (the  Subcarboniferous 
chert),  the  assumption  of  any  such  large  current  flowing  to 
southward  in  that  region  becomes  unnecessary.  In  fact,  it 
becomes  possible  that  even  the  older  border  gravels  of  the 
Tennessee  river  may  have  traveled  in  the  reverse  direction, 
down  the  present  Tennessee  valley ;  and  we  gain  an  insight 
into  the  origin  of  the  enormous  gravel  masses  of  that  region 
without  resorting  to  any  violent  hypotheses  concerning  events 
in  Quaternary  time. 

Another  point  involving  a  former  error  of  interpretation  on 
my  part  is  the  recognition  of  the  Cretaceous  age  of  the  lower 
portion  of  the  proiile  at  the  "  Big  Hill "  near  Pocahontas, 
Tenn.,  that  in  my  report  of  1860  (p.  16)  is  figured  and  de- 
scribed as  a  conspicuous  "  Orange  Sand  "  locality.  Now  that  the 
rains  of  thirty-five  years  have  sculptured  the  smooth  sides  of  the 
original  cut,  it  is  easily  seen  that  the  lower  portion  is  not  of 
the  Lafayette  character,  and  that  the  clay  basin  then  supposed 
by  mie  to  contain  here,  at  least,  vestiges  of  the  Lafayette  flora, 
is  therefore  referable  tg  a  time  anterior  even  to  the  Tertiary ; 
probably  the  Ripley  Cretaceous. 

It  would  seem  natural  and  logicid  to  seek  for  the  record  of 
changes  of  level  concerning  the  Mississippi  valley — the  great 
central  drainage  basin  of  the  continent — in  the  border  lands  of 
the  Gulf  into  which  this  drainage  passes ;  but  for  years  I  have 
sought  in  vain  to  impress  this  point  of  view  upon  those  in 
whose  hands  lay  the  power  for  initiating  such  researches.  It 
thus  happens  that  prior  to  the  time  when  McGee's  researches 
carried  him  into  the  field  where  I  had  previously  worked,  the 
discussion  of  the  continental  changes  of  level  was  carried  on  by 
geologists  working  at  the  head  of  the  great  valley,  largely  irre- 
spective of  what  is  recorded  near  the  only  datum-plane  to  which 
such  oscillations  can  legitimately  be  referred  ;  since  the  Archaean 
highlands  of  the  northeast  form  a  pivotal  area  from  beyond 
which  no  reasonable  conjectures  can  be  translated,  the  Missis- 
sippi axis  being  known  to  be  a  line  of  weakness  and  unstable 
equilibrium,  whose  movements  have  been  largely  independent 
of  those  of  the  Atlantic  coast.     Witness  the  peculiar  aevelop- 
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ment  of  tlie  Cretaceous  and  Tertiarj*  formations  in  the  MiK» 
Bippi  embayiiieiit 

I  think  that  iiianv  if  not  most  of  the  differences  which  hare 
arisen  between  McGee  and  myself  in  the  interpretation  of  tbe 
phenomena  of  tlie  Lafayette  formation  have  been  due  to  the 
different  starting  poiati^.  McGee,  coming  from  tlie  Atlantic 
coast,  natnrally  carried  the  views  acquired  there  into  the  terri- 
tory where,  I  am  incHned  to  think,  a  materially  different  mixJe 
of  development  has  occurred  ;  ae  would  naturally  be  expected 
in  so  critical  a  region.  The  joint  reconnoissance  made  la»t 
summer  has,  I  think,  materially  diminished  these  differences 
of  views;  and  tlie  extension  of  tills  reconnoissance  around  the 
Gulf  sliore  into  Mexico  by  himself  and  party  will,  I  hope. 
prove  the  fruitful  liist  step  toward  the  final  unraveling  of  tlie 
complex  questions  which,  alone,  I  was  powerless  to  solve. 

Broiidly  e])oaking,  tlie  difference  of  views  referred  to  niav 
be  summarized  in  tliis,  that  while  McGee  regards  the  whole  of 
the  Lafayette  fornintion  as  litivinf;  been  formed  nndcr  a  condi- 
tion of  coutincntiil  depression  and  marine  submergence,  I  have 
on  the  coiitmry,  i-eferiwi  tlie  onjrfn  of  the  "Orange  Sand"  of 
the  Embayment  to  a  ])enod  of  elevation,  and  the  de)K)sition  of 
its  niaterials  essentially  to  fresh  water  in  the  form  of  broad  and 
shallow  floods  coming  in  from  the  northward  and  practically 
devoid  of  organic  life  nf  which  the  remains  would  he  likolv  to 
he  preserved.  All  are,  however,  agreed  that  the  deposititm, 
'  y  whatever  agency,  was  succeeded  by  a  relatively  long  period  of 
ievation  or  at  least  emergence,  during  which  subaerial  exposnre 
brought  about  both  the  surface  sculpture  and  the  condition  of 
complete  peroxiilatioii,  and  leaching  of  ^11  water-soluble  in^^^ 
dieuts,  that  is  so  iiroininent  and  essential  a  feature  of  the 
"  Grange  Sand  "  pha^c  of  the  formation.  For  within  its  \ie>% 
nolhing  that  is  capable  of  further  oxidation  or  water-soluiiiii 
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1  and  arouud  its  area  of  occurrence.  I  am  not  however, 
ed  to  discuss  the  eastern  phase  of  the  formation,  of 
I  know  merely  generalities.  From  statements  made  by 
B  1  infer  that  there  are  wide  and  material  differences  in 
aximum  elevation  at  which  the  formation  is  found  at 
s  points  around  the  Appalachian  highlands ;  tlie  data  thus 
ibiished  by  him  are  not  sufficient  for  an  outside  discus- 
f  this  point. 

he  Embayment  itself,  some  questions  arise  in  regard  to 
3ntity  of  the  formation  as  a  whole,  since  McGee  inclines 
isider  as  belonging  to  it  a  lower  phase  of  '^  plant  beds  " 
I  have  always  regarded,  and  do  still  regard,  as  belong- 
the  subjacent  formations  of  various  ages.  Xothing  that 
\  seen  during  the  late  joint  reconnoissance  seems  to  me  to 
'  a  change  of  opinion  on  my  part  in  this  respect ;  I  have 
\  formerly  seen  the  lignitiferous  beds  of  the  several  stages 
Tertiary,  from  the  lowest  Eo-lignitic  to  the  Grand  Gulf, 
ying  the  characteristic  transition  beds  of  the  *' Orange 
"  but  I  hope  to  be  able  to  set  this  question  at  rest  by  a 
leopic  examination  of  the  specimens  collected.  If  there 
tnie  "  Lafayette "  plant  bed,  it  should  be  possible  to 
Fy  it  at  the  various  points  of  occurrence ;  which  to  my 
however,  exhibit  simply  contact  phenomena.  Prof. 
s  paleobotanic  researches,  also,  will  I  hope  be  brought  to 
m  this  question.  I  understand,  however,  that  McGee 
lot  claim  such  a  plant  bed  as  an  integral  part  of  the 
n  phase  of  the  formation.  Its  existence  would  not  neces- 
conflict  with  either  his  or  my  views  of  the  origin  of  the 
3tte  sands. 

s  of  the  most  vital  points  to  be  settled  by  closer  investi- 
than  has  yet  been  made  is  the  exact  correlation  of  the 
deposits.     From   their  apparent  continuity  I   have  re- 
to  the  Lafayette  age  most  of  the  larger  gravel  beds  of 
iterior  and  river  border,  distinguishing  only  those  mani- 
belonging   to   the   surface   loam,   and   certain    limited 
ts  within  the  Port   Hudson  beds.     McGee  has  shown 
mall  gravel  beds  do  occasionally  occur  at  the  base  of  the 
itself;  and  a  late  detailed  examination  of  the  instructive 
I  at  Natchez  proved,  to  the  satisfaction  of  all   of  the 
ing  party,   that  even  considerable  gravel  beds  do  occur 
L  what,  from  all  characters,  must  be  presumed  to  be  Port 
m  beds.     Within  these  I  found  several  small  crystalline 
jic  and  mica-schist)  pebbles ;  but  it  was  in  a  bed  of  for- 
ms gravel  conglomerate  of  some  25  feet  thickness,  under- 
the   typical   Port   Hudson   and  reaching   below    water 
that  an  abundance  of  crystalline  pebbles,  and  cobbles  up 
ee  and  four  pounds  weight,  were  found.     It  was  proba- 
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bly  from  the  same  locality,  as  well  as  from  the  ^«vel  beds  at 
Profit's  iBland,  below,  that  tbe  collection  of  such  gravely 
formerly  at  the  capitol  at  JacksoD,  Miss.,  that  waa  destroyed 
duriiii;  the  war,  were  obtained.  The  ledge  of  ferruginons 
gravel  conglomerate  is  underlain  (as  seen  at  the  landing  a  mile 
above)  by  a  bluish  clay  of  the  peculiar  aspect  and  texture  of 
the  typical  Grand  Gnif  Tertiary,  which  is  everywhere  else 
overlain  by  the  Lafayette.  We  thus  appear  to  have  in  the 
Natchez  prolile  the  usual  regular  sequence,  in  fall,  of  Grand 
Gulf,  Lafayette,  Port  Hudson  beds  with  ealcareoue  nodules, 
"  Sand  Loess,"  calcareous  (typical)  Loess,  and  brown  snrfaoe 
loam. 

It  has  seemed  to  me,  from  the  outset,  but  natural  that  the 
larger  crystalline  gravel,  coming  from  beyond  tbe  barrier  of 
Carboniferous  rocks  alwve  Cairo,  should  remain  within  a  short 
distance  of,  or  entirely  within,  the  deep  central  channel  which 
has  always  coincided  closely  with  the  Mississippi  trough  of  to- 
day; white  the  flood  waters  carrying  the  lighter  gravel  and 
sand  would  spread  over  the  uplands,  laterally,  wliere  after- 
wards, by  long  suba^rial  exposure,  the  small  cr^'stalline  graveJ 
would  disappear  completely  !)y  weathering,  as  indicated  by  tbe 
very  "  rotten  "  condition  of  the  same  class  of  gravels  at  Natchez 
and  Profit's  island.  To  my  mind  it  would  be  rather  snr- 
prising  if  such  pebbles  had  survived  up  to  this  time  in  tbe 
upland  or  lateral  portions  of  the  Lafayette  deposits  ;  it  greatly 
surprised  me  to  find  them  as  far  south  as  Petite  Anse,  for 
although  small  and  much  decayed,  there  still  were  some  of 
several  oimces  weight.  I  do  not  therefore  see  that  the  abseuce 
of  crystalline  moraine  gravels  from  the  lateral  portions  of  the 
Lafayette  iu  Tennessee,  Mississippi  and  Louisiana,  even  if  u 
complete  as  has  been  thus  far  supposed,  lias  the  weight  assigned 
'     it  by  Chamberlin    and    Salisbury  (this  Journal,   xli,  "'" 


of  the  Lafayette  Formation.  397 

known,  overlies  the  latest  Tertiary  of  the  Southwest,  the 
Grand  Golf. 

The  concrete  question  whether  the  Natchez  gravel,  bearing 
crystallines,  is  continuous  with,  and  equivalent  to  the  abundant 
gravel  beds  of  the  adjacent  uplands,  should  be  solvable  with- 
out any  serious  difficulty  by  direct  tracing  along  the  deep 
ravines  and  valleys  that  run  at  right  angles  to  the  river  at  and 
below  Natchez ;  and  the  same  can,  doubtless,  be  done  at  most 
other  points  on  the  Mississippi  River.  But  it  must  be  done 
by  those  who  can  be  relied  npon  not  to  confound  accidental 
continuity  with  that  which  is  essential.  It  is  clear  that  here  as 
in  the  case  of  the  Warrior  or  Tuscaloosa  beds,  a  very  critical 
judgment  must  be  exercised  ;  since  one  and  the  same  gravel 
may  have  been  '*  worked  over"  several  times  during  successive 
geological  epochs,  and  it  must  often  be  extremely  difficult  to 
discriminate 'between  that  which  is  essential  to  the  origin  and 
composition  of  the  deposit,  and  that  which  is  a  local  accident. 

Pending  the  determination  of  this  point  in  the  field,  and 
possibly  with  the  aid  of  further  microscopic  research  on  the 
samples  already  collected,  I  call  attention  to  the  fact  that 
intrinsically,  the  discussion  of  the  "  Tertiary "  or  "  Quater- 
nary "  age  of  the  Lafayette  may  easily  be  more  a  war  of  words 
than  of  essentials.  If  preglacial,  as  is  maintained  by  McGee 
and  Chamberlin,  it  certainly  stands  at  the  very  top  of  the 
Tertiary  series,  if  the  beginning  of  the  Glacial  j)eriod  be  made 
the  criterion  of  the  lower  limit  of  the  Quaternary.  But  this 
is  a  purely  arbitrary  limit.  It  is  quite  certain  that  the  condi- 
tions under  which,  from  any  point  of  view,  the  Lafayette  was 
deposited,  differed  widely  from  those  which  presided  over  the 
formation  of  all  the  other  Tertiary  stages  in  the  Southwest. 
During  early  Eocene  times  there  prevailed  in  the  upi)er  por- 
tion of  the  Embayment,  estnarian,  marsh  and  pahidal  condi- 
tions, as  is  evidenced  by  the  lignitiferous  beds  of  that  region. 
Later  we  find  steadily  increasing  marine  conditions,  represented 
by  the  Claiborne,  Jackson  and  Vicksbnrg  terranes :  at  the  end 
oi  the  latter  epoch  the  Embayment  had  already  lost  so  much 
of  its  northward  extension  that  the  (hilf  sliore  wasonlv  slii^htlv 
more  convex  than  at  present.  Then  comes  tlie  somewhat 
enigmatical  Grand  Gulf  terrane,  clearly  a  brackish  water 
deposit,  consisting  largely  of  remarkably  solid  clays  and 
(usually)  very  soft  and  more  or  less  clayov  saiidstoiies.  Of 
recognizable  fossils  this  formation  contains  only  ])Iants,  so  far 
as  has  been  definitely  ascertained  ;  hut  certain  calcareous  beds 
witliin  it  seem  to  contain  the  macerated,  concretionary  rem- 
nants  of  a  moUuscan  fauna,  such  as  are  now  found  over  the 
greater  portion  of  the  Port  Hudson  terrane,  but  which  at  some 
points    differentiate,   into   well   defined   fluvioinarine   shells. 
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While  the  Grand  Gnlf  beds  thns  indicate  a  predominance  of 
freshwater  conditions  for  which  the  end  of  the  precedio^ 
(Vieksbure)  epoch  has  not  prepared  ns,  yet  it  follows  the  older 
Tertiaries  in  tiiat  it  offers  no  evidence  of  anj  other  than  qniet 
modes  of  shore  and  marsh  sedimentatioD,  nudistnrbed,  so  fiT 
as  we  have  seen,  by  any  invasion  of  ilnvial  conditions.  Cnwe- 
bedding  even  is  unusual,  and  what  there  is  is  clearly  of  tlie 
kind  induced  by  wave  action; -gravel  is  almost  foreign  to  the 
formation,  although  sometimes  seen  near  the  axis  of  the  Em- 
bayment.  At  the  end  of  the  Grand  Gulf  Spoch  the  Embay- 
ment  liad  practically  ceased  to  exist ;  the  northern  Onlf-ehore 
tine  was  ahnost  exactly  parallel  to  the  present  one,  and  all  this 
had  l)een  done  in  a  quiet,  systematic,  orderly  way,  during  a 
slow  upward  movement  of  the  land. 

With  the  next  succeeding  formation,  the  Lafayette,  there  1$ 
a  total  chan^  l)oth  in  the  material  and  its  mode  of  deposition, 
preceded  by  deep  erosion  of  the  snrface  of  the  older  fonm- 
tions.  So  far  from  continuing  the  advance  of  the  shore-line 
into  the  waters  of  the  Gulf  of  Mexico,  we*8uddenly  hare 
(according  to  McGee's  views)  the  latter  advancing  at  least  to 
the  head  of  the  Mississippi  Embayment,  and  according  to 
Chambcrlin,  clear  np  to  Keokuk,  by  a  general  depression. 
But  this  general  depression  does  not  carry  marine  feature* 
iHtckwaril  over  the  land;  on  the  contrary,  while  not  a  marine 
fossil,  even  in  the  most  "demoralized"  condition,  can  be 
fonnd  in  the  entire  enormous  arua  covered  by  the  formatioii, 
wc  have  a  marked  increase  in  ail  features  that  we  habitually 
look  for  in  a  fresh-water,  fluvial  formation  ;  including  the  evi- 
dences of  violent  currents,  with  a  total  absence  of  beach  line* 
to  show  either  the  advance  or  recession  of  the  supposed  sub- 
mergence. The  only  evidence  that  might  be  thns  eonstrunl 
are  tiiC  gravel   beiis';  but  as  these  run  in  tiie  niui  ti  jmntlld  (■■ 
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as  truly  constitate  the  be^nnin^i^  of  a  new  era — the  Quaternary 
— as  the  incipient  glaciation  of  the  continent. 

1  have  heretofore  suggested  that  the  extraordinary  change  of 
character  from  the  Vicksburg  to  the  Grand  Gulf  epoch— the 
substitution  of  brackish  and  fresli-water  features  for  the  ex- 
clusively marine — may  have  been  caused  by  a  diversion  of  the 
Gulf  Stream  to  the  outside  of  the  Antilles,  leaving  the  present 
Gulf  as  a  receptacle  for  the  continental  waters,  by  tne  con- 
tinued influx  of  which  at  least  the  north-shore  deposits  must 
have  been  sensibly  freshened.  However  that  may  be,  it  is  indis- 
putable that  from  some  cause  there  was  a  great  increase  of 
freshwater  influx  during  the  Grand  Gulf  epoch;  and  a  still 
greater  one  during  that  of  the  Lafayette,  completely  excluding 
marine  features  from  that  formation,  even  where  its  beds 
actually  project  into  the  waters  of  the  Gulf. 

I,  with  Tuomey  and  others  of  the  older  geologists,  have 
sought  the  origin  of  this  increase  of  fresh-water  influx  in  the 
melting  of  the  continental  glacier  ;  and  on  the  evidence  before 
me  of  the  actual  translation  of  moraine  material  to  low  lati- 
tudes by  such  influx,  and  manifestly  on  a  much  steeper  slope 
than  now  exists,  or  could  exist  during  a  period  of  submergence, 
I  have  attributed  the  Lafayette  formation  to  a  period  of  high 
elevation  rather  than  one  of  depression  ;  conceiving  such  eleva- 
tion, greater  in  the  northern  latitudes,  as  a  possible  cause  of 
glaciation. 

As  to  the  extent  of  such  elevation,  I  have  in  former  papers 
shown  that,  adding  to  the  present  maximum  altitude  of  the 
loess  summits  in  Louisiana  (450  feet)  the  greatest  depth  at 
which  gravel  had  then  been  found  below  sea  level  (in  the 
bored  wells  of  Calcasieu),  viz :  450  feet,  we  obtain  900  feet  as 
tlie  minimum  amount  of  the  oscillation  which  has  occurred 
since  the  gravel  reached  the  Gulf  shore.  I  am  now  enabled 
to  increase  this  figure  to  1200  feet,  the  gravel  bed  having  been 
reached  at  the  depth  of  760  feet  in  the  latest  borings  made  at 
New  Orleans.  In  this  estimate  no  allowance*  is  made  for  the 
degradation  of  the  land  surface  that  has  occurred  since  the 
deposition  of  the  loess. 

But  if  the  Lafayette  gravels  are  found  at  the  depth  of  760 
feet  below  sea  level  at  New  Orleans,  it  follows  that  at  the  time 
it  was  deposited,  the  land  was  not  submerged,  ])ut  stood  higher 
at  least  to  the  extent  of  that  same  depth.  The  only  escape 
from  this  conclusion  is  to  prove  that  this  gravel,  too^ether  with 
that  of  the  Calcasieu  wells,  and  inferentially  that  of  the 
Natchez  profile,  is  not  a  part  of  the  Lafayette  at  all  but  belongs 
to  the  Port  Hudson  epoch. 

Admitting  this  for  the  sake  of  argument,  where  do  we 
stand  }    We  are  then  forced  to  conclude  that  at  the  beginning 
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of  the  Port  HudsoQ  epoch  there  existed  the  elevatioB  of  tbe 
continent  which  I  have  conjecturally  aesigned  to  the  Lafayette 
time.  According  to  Charaberh'n  and  Salisbury,  the  loess,  in- 
dissoliibly  connected  with  the  Port  HiidBon,  derives  its  mate- 
rials from  the  continental  moraine;  and  the  Natch ezprofile, 
showing  tlie  moraine  gravel  lying  at  the  base  of  the  Port  Hudson, 
conclusively  settles  this  point.  If  then,  as  McGee  contends, 
the  Lafayette  was  formed  during  a  period  of  aabmei^ence,  it 
would  be  necessary  to  asanme  a  reelevation  of  the  land  prior  t» 
the  beginning  of  the  Port  Hudson  period,  which,  with  the 
loess  and  overlying  loams,  manifestly  represents  a  snbseqaent 
period  of  depression,  coincident  with  the  melting  of  the 
glaciers.  The  variations  of  materials  within  this  Port-Hudson- 
Loess-Loam  {"  Columbia  ")  series  should,  then,  in  some  meafinre 
indicate  the  advances  and  recessions  of  the  continental  ice 
sheet. 

The  qnestion  is  whether  the  "  Orange  Sand  "  of  the  Embav- 
meut  does  not  represent  the  first  period  of  recession  and  ice- 
melting,  and  the  Port.  Hudson  (or  Columbia)  series  the  second 
and  final  one.  Under  this  point  of  view,  instead  of  the  doable 
oscillation  postulated  by  McGee,  the  land  would  simply  have 
risen  at  the  end  of  the  Tertiary  (Grand  Gnlf)  period,  assuming 
at  the  north  a  considerably  greater  altitnde  than  at  the  sontb, 
as  is  postulated  by  the  transportation  of  snch  large  gravel  to 
the  margin  of  the  Gulf,  I  gravely  question  that  any  sach 
extreme  elevation  as  has  been  suggested  as  necessary  bj 
Chaniberlin  (8,000  to  10,000  feet)  would  even  now  be  repaired 
to  i-c-glaciate  the  northern  United  States.  Half  of  these  fig- 
ures would  come  nearer  my  estimate  of  the  probable  reqnire- 
ments,  provided  the  rise  extended  into  the  arctic  region,  as  a 
the  case  in  Greenland, 

It  seems  to  me  that,  had  the  Tertiary  climatic  conditions 
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has  called  special  attention  and  which  in  part  at  least  undoubt- 
edly fall  within  the  Lafayette  proper,  such,  grass  and  sedge 
vegetation  is  all  that  is  indicated.  It  argues,  during  the  sub- 
aerial  exposure  admitted  on  all  liands,  a  more  rigorous  climate 
than  is  consistent  with  our  knowledge  of  even  late  Tertiary 
times;  we  are  reminded  of  subarctic  bogs,  not  of  subtropic 
forests.  It  is  in  connection  with  such  bog  vegetation  too,  I 
think,  that  the  process  of  ferrugi nation  that  is  so  conspicuous 
within  the  Lafayette,  and  has  even  given  rise  to  iron  ore 
deposits,  is  to  be  explained.  It  is  obvious  that  the  solutions 
which  subsequently  oxidized  into  limonite  incrustations  and 
ferruficinous  sandstone  ledfjes,  must  have  been  of  the  same 
character  as  those  now  forming  similar  deposits  in  our  northern 
latitudes;  e.  g.  in  Oregon  and  Washington,  where  under  the 
influence  of  a  cool,  moist  climate,  limonite  deposits  and  fer- 
ruginous sandstones  are  forming  under  our  very  eyes,  from  the 
seepage  and  drippings  of  the  dense  and  ever  moist  covering  of 
moss  and  grasses,  percolating  through  more  or  less  ferruginous 
surface  beds  and  impregnating  all  pervious  formations  underly- 
ing, with  what  ultimately  becomes  a  limonite  cement  for  sands 
and  sandy  clays.  A  similar  vegetative  covering,  with  its  concomi- 
tant reduction  of  the  ferric  hydrate  resulting  from  tlie  decom- 
position of  hornblendic  and  other  iron-bearing  materials  of  the 
moraine  sands,  would  naturally  liave  covered  the  Lafayette  sur- 
face when  left  free  from  overflow ;  and  would  explain  the  promi- 
nent ferrugination,  as  well  as  the  fact  that  the  minute  grains 
of  clay  which  we  so  frequently  find  intermixed  with  the  quartz 
sand  are  so  commonly,  in  contrast  to  the  latter,  decidedly 
angular,  and  have  manifestly  not  undergone  any  sensible  attri- 
tion. I  conceive  these  clay-partieles  to  be  the  result  of  kao- 
linization  in  place^  under  the  influence  of  the  carbonic  acid 
solutions  which  evidently  have  been  so  very  active  within  the 
entire  formation  as  to  leave  little  or  nothing  behind  that  is 
still  subject  to  weathering,  or  carbonate  solution. 

I  have  in  the  foregoing  discussion  designedly  confined  my- 
self to  the  ground  with  which  I  am  familiar — The  **  Orange- 
Sand  Delta ^'  in  and  contiguous  to  the  Mississippi  Embayment ; 
both  because  its  phenomena  are  most  familiar  to  me,  and 
because  I  believe  that,  as  previously  stated,  its  development 
may  have  been  largely  independent  of  the  events  that  liappened 
beyond  the  Appalachian  axis  of  upheaval  and  the  Archaean 
highlands.  How  far  such  assumption  may  be  compatible  with 
the  evidence  in  the  possession  of  McCree,  as  regards  the  inter- 
vening ground  in  Georgia  and  farther  east,  the  ]mblication8 
thus  far  made  by  him  are  insuflieient  to  determine.  But  so 
far  as  they  have  been  published,  I  cannot  reconcile  the  litho- 
logical,   stratigraphical  and  (negative)  paleontological  charac- 
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ters  of  his  Appomattox  with  the  idea  of  oceanic  eabmergence, 
uulesB  under  conditions  for  which,  in  the  actnal  state  of  oar 
knowledge  or  conjecture  regarding  the  climatic  and  snrfice 
conditions  of  the  pre  glacial  epoch,  we  have  there  no  adequate 
explanation.  I  therefore  do  not  venture  to  Biiggest  any  for  the 
Atlantic  region,  but  do  enggest  for  the  critical  region  whicli 
has  formed  the  subject  of  my  special  studies,  bucIi  explanation 
as  seems  to  me  warranted  hy  the  regional  facts,  applicable  to  a 
very  wide  stretch  of  country  distinctly  correlated  with  the 
great  axis  of  the  MisRis^ippi  valley.  I^he  one  prominent  and 
mdtspntable  fact,  that  after  the  Vicksburg  period  there  has 
been  a  steady  increase  of  freali-water  (or  decrease  of  marine] 
conditions  within  the  Oulf  region,  does  not,  so  far  as  I  am 
aware,  fipply  to  the  Atlantic  coast ;  and  this  distinctive  and 
important  feature  requires  special  consideration  and  explana- 
tion. The  latter  may  be  found  in  the  glacial  phenomena,  or 
as  Mcfiee  has  suggested  to  me,  in  the  discharge  of  the  great 
lakes  of  the  continental  interior  toward  the  Missiesippi  valley, 
or  in  both  combined.  In  cither  case  these  conditions  have  no 
analogue  on  tlie  Atlantic  slope  sunth  of  the  Hudson  at  leasl : 
and  it  would  be  precarions  to  attempt  to  gauge  the  two  regions 
according  to  the  same  preconceived  ideas.  No  one  reooguizes 
more  than  I  do,  the  relative  scantiness  of  our  present  inu>nni- 
tion  in  the  premises,  piirticularly  in  view  of  the  wide  extent  of 
country  involved  in  any  and  every  change  in  or  near  that  coin- 
nion  reference  plane,  the  Gulf  of  Mexico.  I  feel  confident 
tliat  the  practical  recognition  of  the  fundamental  importaoct 
of  this  plane  for  the  interpretation  of  the  interior  continent^ 
movements,  and  the  consequent  active  investigation  of  its 
border  lands  as  starting  points,  will  quickly  lead  to  the  solution 
of  many  problems  that  have  heretofore  puzzled  geological  in- 
vestigators at  the  heads  of  its  drainage  system. 
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The  South  Carolina  phosphates  are  nodular  in  form  and 
found  varying  in  size  from  that  of  a  pea  to  nodular  aggregates 
weighing  ten  pounds  and  more.  They  all  have  smooth  and 
rounded  surfaces  as  if  water  worn  and  vary  greatly  in  shape. 
The  rock  is  found  in  beds  varying  from  a  few  inches  to  one  to 
two  feet  in  thickness,  underlying  from  three  to  ten  and  more 
feet  of  siliceous  clay  and  overlying  the  calcareous  marl  of  the 
region.  It  contains  from  50  to  %b  per  cent  of  normal  calcium 
phosphate ;  and  the  marl  lying  directly  under  it  contains  from  20 
to  30  per  cent  of  the  same  salt,  which  amount  rapidly  decreases 
at  a  aepth  of  a  few  inches  to  10  to  20  per  cent  and  finally 
reaches  the  usual  amount  found  in  the  marls — 2  to  9  percent.* 

This  concentration  of  phosphate  in  the  marl  directly  under- 
lying the  rock  clearly  indicates  a  gradual  segregation  from  the 
rock  above. 

The  rock  on  examination  with  the  eye,  with  and  without 
the  aid  of  the  glass,  is  found  to  contain  fossil  shell  forms  and 
casts  similar  to  those  found  in  the  underlying  marl,  but  in  a 
much  better  state  of  preservation  and  much  harder  in  the 
former  than  the  latter. 

I  have  found,  in  many  instances,  in  the  cavities  which  have 
been  left  by  shells  between  the  outer  and  inner  casting,  a 
brownish  white,  very  finely  divided  powder,  which  gave  on 
analysis  84*65  per  cent  calcium  phosphate  [Ca,(PO J,],  a  small 
quantity  of  silica,  of  fluorine,  organic  matter  and  the  rest 
calcium  carbonate.  This  clearly  shows  the  direct  replacement 
of  the  carbonate  of  the  shell  by  phosphate. 

From  the  similarity  in  structure  of  the  phosphates  and  the 
marls,  and  their  occurrence,  it  is  clearly  seen  that  the  former 
are  the  phosphatized  product  of  the  latter ;  and  the  object  of 
my  work  has  been  to  see  how  far  swamp  water  could  have 
aided  in  bringing  about  this  result. 

There  has  been  considerable  work  done  on  the  action  of  the 
so-called  humus  acids  (humus,  crenic  and  apocrenic  acid,  etc.) 
on  the  soilf  and  also  on  phosphates:]:  in  the  soil,  and  it  was 
my  intention  to  study  the  action  of  these  acids  on  the  normal 
phosphate  of  calcium  both  alone  and  in  the  presence  of  cal- 
cium carbonate ;  but  owing  to  their  uncertainty  of  composition, 
the  extreme  difliculty  of  obtaining  them  in  a  pure  condition, 
and  particularly  their  liability  to  undergo  change  in  attempts 
to  isolate  them,  I  decided  to  study  their  action  in  their  native 
condition,  and  under  circumstances  as  nearly  as  possible  like 
those  under  which  they  act  in  nature. 

♦  C.  U.  Shepard. 

f  A.  A.  Julien.     Am.  Association  for  Advancement  of  Science,  Proceeding^a, 
1889. 
J  J.  M.  BemmeUen,  Landwirtschaftliche  Versuch-Station,  35,  36. 
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I  obtained  a  series  of  Bpecimttns  of  water  from  both  fresli 
and  salt  water  swamps,  as  well  as  of  the  deposits  from  tlie 
bottom  of  the  same,  from  tlie  neighborhood  of  Georgetown, 
South  Carolina,  but  after  a  preliminary  and  unsuccessful  test 
for  phosphate  with  ammonium  molybdate  with  both  of  them, 
I  decided  for  a  number  of  reasons,  only  to  use  the  epecimeiii 
from  the  fresli  water  swamp.  The  salt  waters  contain  very 
little  organic  matter,  and  are  constantly  chan^ng,  and  could 
consequently  have  little  effect ;  whereas  the  fresli  swamp  waters 
are  dark  in  color,  and  contain  a  large  qnantity  of  organic 
matter,  and  are  at  the  same  time  more  or  less  sta^ant,  not 
being  affected  by  the  tides  at  all.  The  material  from  the  bot- 
tom of  salt  swamps  consists  mainly  of  the  roots  of  marsh  grsfs, 
whereas  that  from  fresh  swacnps  is  composed  of  an  accumula- 
tion of  decaying  leaves,  roots,  etc.  Finally  [  have  been  led  to 
believe  that  fresh  swamps  have  been  induential  in  the  forma- 
tion of  phosphate  nodules  from  the  fact  that  cypress  stomps 
are  frequently  found  in  the  phosphate  beds,  aod  occasionallj 
an  amber  like  substance.* 

On  getting  no  appreciable  test  for  phosphoric  acid  in  tlie 
swamp  waters,  I  allowed  specimens  of  fresh  swamp  waters  to 
stand  for  two  weeks  mixed  with  precipitated  and  carefnllv 
purified  calcium  phosphate,  filtered,  evaporated  to  drynej^ 
Ignited,  and  tested  for  phosphoric  acid  with  negative  results  in 
each  ease. 

I  next  mixed  the  material  taken  from  the  bottom  of  fre^h 
water  swamps  (composed  of  cypress  and  black  gam  leaves  and 
roots,  sand,  etc.),  with  swamp  water  and  normal  calcium  pho:^ 

gliate,  and  allowed  the  mixture  to  stand  one  day,  filtered,  and 
Itrate  gave  slight  test  for  phosphoric  acid.  On  evaporatiug 
to  dryness,  igniting,  and  redissolving  in  nitric  acid,  it  gave  a 
heavy  yellow  precipitatu  with  aminunium  molybdate.  sbowitifr 


ths  Formation  of  the  Phosphate  Nodules,  405 

These  experiments  having  demonstrated  the  solubility  of  the 
normal  phosphate  in  water  in  the  presence  of  decaying  vegetable 
matter,  such  conditions  as  are  found  in  the  bottom  of  swamps 
and  at  the  same  time  in  soils  containing  vegetable  mould,  the 

aaestion  presents  itself  as  to  how  tlie  solution  is  brought  about, 
lat  is  whether  it  is  owing  to  the  conversion  of  the  tri-  into 
the  mono-calcium  phosphate  by  the  acid  action  of  the  mixture 
(humus  acids)  or  to  the  formation  of  certain  absorption  com- 
pounds with  the  so-called  humus  acids  as  described  by  Bem- 
mellen,*  or  to  both.  I  think  it  likely  that  l)otli  processes  enter 
into  the  reaction,  and  it  is  intended  to  carry  out  further 
investigation  in  the  direction  of  solving  this  problem. 

On  neutralizing  the  solution  with  ammonia,  the  phosphate 
was  partially  precipitated,  while  neutralization  with  calcium 
hydroxide  caused  a  complete  precipitation. 

To  determine  whether  water  then  charged  with  phosphate 
would  give  it  up  in  coming  in  contact  with  marl,  1  allowed  ' 
specimen  to  stand  in  vessels  over  pure  calcium  carbonate  in 
some  instances,  and  marl  in  others ;  and  in  each  case  all  trace 
of  phosphoric  acid  was  removed  in  the  coui-se  of  twenty-four 
to  forty-eight  houi*s. 

It  is  higuly  probable  that  carbonic  acid  plays  an  important 
part  in  the  formation  of  the  phosphate  nodules,  so  that  it  is 
important  to  consider  its  action  in  this  connection. 

Carbon  dioxide  passed  into  water  containing  normal  calcium 
phosphate  dissolves  it  under  the  formation  of  mono-calcium 
phosphate  and  acid  calcium  carbonate,  so  that  the  solution  con- 
tains both  of  these  substances. 

This  solution  remains  unaltered  on  standing,  but  if  it  be 
boiled  or  allowed  to  stand  over  normal  calcium  carbonate  or 
marl,  all  of  the  phosphate  will  be  precipitated,  as  was  demon- 
strated by  a  number  of  experiments,  just  as  in  the  case  of  solu- 
tion of  phosphate  by  means  of  swamp  water  mixture.  This 
experiment  snows  that  phosphates  may  be  transported  in  hard 
waters,  but  on  standing  on  calcareous  beds  would  tend  to  be 
given  up. 

From  these  experiments  it  certainly  seems  probable  that 
both  carbonic  acid  and  the  humus  substances  in  fresh  water 
swamps  play  an  important  part  both  in  the  aceunnilation  and 
the  concentration  of  calcium  phosphate,  and  the  formation  of 
nodules  in  this  way.  The  marls  in  the  iirst  place  contain  a 
small  percentage  of  phosphate,  wliich  j^ercentage  would  be 
gradually  increased  as  the  carbonate  is  gradually  removed. 

Calcium  phosphate,  held  in  solution  from  whatever  source  as 
the  diacid  salt,  or  in  combination   with  the  so  called   humus 

*  LnDdewirtschaf tlicho  Versuchs-StatioueD,  xxxv,  p.  130. 

ft 

Am.  Joub.  Soi.— Third  Sbhibs,  Vol.  XLUI,  No.  257.— Mat,  1892. 
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acids  SB  abeorption  compounds,  on  coming  in  contact  vith  tbe 
carbonate  of  the  marl,  which  forms  the  bottom  of  the  swamM. 
is  deposited  either  as  the  inon-acid  or  normal  aalt  (if  tbe 
former  it  changes  into  the  latter  in  the  conrse  of  time)  and 
carbon  dicnide  is  liberated.  This  carbon  inonoxide  in  iu 
turn  dissolves  some  of  the  carbonate,  thus  brining  about  a 
concentration  and  consequent  tendency  toward  nodulation  if 
will  he  seen  from  the  reaction ;  one  molecnie  of  the  phosphate 
would  remain  and  four  molecules  of  the  carbonate  would  be 
removed, 

2  CaCO,  +  H.Ca{POJ,=  Ca,(PO.),  +  2H.O  +  2CO, 
2  CaCO,  +  2CO,  +  2H,0  =  2H,Ca(CO,), 

The  hunins  substances  also  give  off  carbon  dioxide  on 
decomposition  and  consequently  we  have  a  further  canse  for 
concentration  from  this  source. 

There  can  be  no  doubt,  from  the  similarity  in  structure,  that 
the  phosphatic  nodules  arc  phosphatized  marls.  And  from 
their  occurrence  in  heds  in  a  countrry  that  has  in  recent  geo- 
logical history  been  covered  from  time  to  time  with  swamps, 
some  of  wliicn  at  present  underlie  a  bed  of  argillaceous  sand 
covered  by  salt  marsh,  taken  together  with  the  above  observa- 
tions and  experiments,  it  certainly  seems  probable  that  swamp 
waters  have  brought  about  tins  change  through  the  agency  of 
carbonic  acid  and  the  humus  substances  contained  in  them. 

The  question  as  to  the  source  of  these  large  deposits  of  plioe- 
pbates  is  of  course  a  very  difficult  one  to  answer.  There  are 
many  fossil  remains  of  animals  found  associated  with  the  rock 
but  their  nnmbers  do  not  seem  to  be  sufficient  to  account  for 
the  large  qaantity  of  the  phosphate  found.  Again  these  fi* 
sils  (mainly  sliarks'  tcetli  and  bones)  seem  to  be  of  a  lat«r  date 
ilmn   tbe  uodiiies,  us  was  aiiggested  by  Mr.  Penrose,  owin|ri" 


Teates  and  Ay  res — Occurrence  of  Plattnerite^  etc.       407 


Art.  L. — Plattnerite^  and  its  Occnrrence  near  MvJlan^ 
Idaho ;  by  William  S.  Yeates,  laith  Crystallographic 
Notes ;  by  Edward  F.  Ayres. 

[Read  before  tbe  Chemical  section  of  the  American  Apaociation  for  the  Advance- 
ment of  Science  at  the  meeting  in  August.  1891,  at  Washington,  D.  C,  and  pub- 
lished by  permission  of  the  Assistant  Secretarjof  the  Smithsonian  Institution.] 

UxDER  the  name,  Schwerbleierz,  in  the  year  1837,  lead  di- 
oxide as  a  mineral  species  was  described  l)y  Breithaiipt*  A 
quantitative  determination  of  the  lead  by  Plattner  was  given. 
As  to  its  occnrrence,  Breithauptf  says,  that  the  only  piece  of  the 
mineral  obtained  by  him  was  a  large  botryoidal  mass  formed 
of  concentric  layers,  almost  entirely  covered  by  cerussite, 
pyromorphite  and  leadhillite.  Also,  that  he  did  not  know 
the  place  of  its  occurrence;  but,  as  the  last-named  mineral 
was  then  known  to  occur  only  at  Leadliills,  Scotland,  he 
concluded,  that  the  "Schwerbleierz"  was  probably  found 
at  that  locality.  The  mineral  is  described  as  having  a  metallic- 
adamantine  luster,  becoming  dull  by  tarnish ;  in  color,  iron- 
black,  with  brown  streak;  opaque;  crystallized  and  massive, 
the  crystals,  rhombohedral,  in  hexagonal  prisms  with  the  com- 
bination, P,  ocP,  OP ;  indistinctly  cleavable ;  fracture,  uneven ; 
brittle;  specific  gravity,  9*392  and  9*448,  the  result  of  two 
determinations.  Some  yeai*s  after  the  mineral  was  described 
by  Breithaupt,  HaidingerJ  gave  it  the  name  of  plattnerite,  and, 
a  little  later,  Hau8mann§  called  it  braunbleioxyd.  In  1858, 
Greg  and  Lett8om||  used  the  name,  plattnerite,  in  describing 
the  species  in  their  mineralogy,  and  added  this  note  : — "  The 
authors  can  learn  nothing  more  about  this  species,  and  con- 
sider it  a  doubtful  one.  The  specific  gravity  seems  too  high 
to  be  correct,  since  it  is  double  that  of  minium,  and  even 
more  than  that  of  galena.  The  crystals,  described  as  being 
hexagonal  prisms,  may  possibly  have  been  pseudomorphous  of 
pyromorphite." .  In  Dana's  Mineralogy,*  under  plattnerite, 
the  following:  comment  is  made  : — ''  A  doubtful  species.  The 
specific  gravity  given  is  as  high  as  that  of  the  protoxyd  of  lead." 

In  a  paper  read  before  the  Mineralogical  Society  of  London, 
June  22nd,  1886,  Prof.  Edward  Kinch**  described  a  well  authen- 
ticated specimen  of  plattnerite  from  LeadhilLs,  Scotland,  giving 

♦J.  pr.  Ch.  (1837),  x,  p.  508.  t  Loc-  cit. 

(Handb.  der  Best.  MIdd.  (1845),  p.  504. 

§^  Handb.  der  Min.  (1847),  p.  202. 

I  Manual  of  Min.  (1858).  p.  389. 

^  A  System  of  Mineralogy,  by  James  D.  Dana  (1868),  p.  167. 

*»Mm.  Mag.  London,  vol.  vii,  p.  63  (1886). 


408         Yeatea  and  Ayres — Occurrence  qf  Plattnerite 

the  hardness  at  ahoiit  5,  and  the  specific  gravity  at  8'54;  and 
its  composition,  PbO,  92-66;  O  m  excess  of  PbO,  6-20  (bv 
direct  determination.)  In  another  paper  before  the  same 
society  on  Marcli  12th,  18S9,  Prof.  Ileddle*  describes  a  speci- 
men of  ])lattuerite  from  Belton  Grain  Vein,  Wanlockhead. 
Scotland,  and  a  specimen  from  LeadhillE,  both  of  which  had 
been  in  his  possession  some  years.  The  specific  gravity  of  the 
first  is  given  at  8-8  to  896 ;  and  that  of  the  latter,  at  9-27.  In 
May,  1889,  tlie  writer  of  this  paper  identified  as  plattneritea 
specimen,  which  had  boon  sent  to  the  National  Museum,  bv 
Mr.  Waldo  J.  Clark,  of  Mnllan,  Idaho.  A  brief  preliminarv 
note,  announcing  the  occurrence,  was  seut  to  this  Journal.  A 
refcroneo  to  thi-s  note  appeared  in  the  July  nnniber,+  as  did. 
also,  a  note  on  the  same  subject  from  Prof.  H.  A.  "Wheeler,  ui 
St.  Lonis,  giving  a  brief  description  and  an  analysis.  In  Ibe 
August  number  of  the  Journal,  Messrs.  J.  D.  and  E.  N. 
Hawkins:):  described  a  specimen  of  the  plattuerite,  which  liad 
fallen  into  their  hands,  giving  two  analyses. 

In  the  meantime,  the  writer  had  secured  a  considerable 
quantity  of  the  material,  with  the  view  to  deserihing,  more  in 
detail,  its  occurrence  in  Idaho;  and  his  investigations  had 
developed  facts  not  referi-ed  to  by  Mr.  Wheeler  or  tlie  Mewrs. 
Hawkins. 

In  u  letter  from  Mr.  Clark,  who  liad  kindly  furnished  (lie 
writer  with  the  material,  ho  says  that  he  discovered  the  plan- 
nerite  in  a  tunnel  in  the  "You  Like"  lode,  Hunter  mniine 
district,  three  miles  northwest  of  Mullan,  Idaho,  on  a  spur  of 
the  Cieur  d'Alene  mountains,  at  a  distance  of  70  feet  from  the 
surface;  and  that  it  occurred  in  "round  knobs  or  bunches" in 
a  continuous  line,  touching  each  other  "  for  a  distsince  of  2u 
feet,  when  the  iron§  appeared  to  crowd  it  nearly  out  for  10  feet. 
then  considerable  of  it  for  10  to  15  feet  farther,  when  it  dis 
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dull  on  exposure  to  the  atmosphere  for  a  few  weeks.  While 
the  outside  of  the  nodule  is  a  reddish-brown,  the  fresh  fracture 
reveals  an  iron-black  color  and  a  very  compact  cryptocrystalline 
structure.  The  iStreak  is  chestnut  brown  ;  hardness,  5*5;  spe- 
cific gravity,  8 '56  ;*  opaque;  brittle.  Before  the  blowpipe,  on 
charcoal,  in  the  oxidizing  flame,  it  decrepitates  and  fuses  at  1, 
with  boiling  and  spirting,  yielding  a  globule  of  lead,  which,  on 
further  heating,  coats  the  coal  yellow.  It  is  easily  soluble  in 
cold,  dilute  HCl,  giving  off  chlorine. 

An  analysis  of  an  apparently  pure  fragment  gave  the  writer 
the  following  results : 

Lead    _  83*20 

Silverf trace 

Copper 0*14 

(Fe,  Al) 1-20 

Oxygen 12'03 

Insol.  residue 0*82 

Total 98-29 

Neglecting  impurities,  and  calculating  to  100,  we  have 

Lead 8655 

Oxygon 1 8*45 

Total 1 00-00 

Calcium  and  magnesium,  in  appreciable  quantities,  were 
found  both  in  the  qualitative  and  quantitative  analyses;  but 
they  were  not  estimated.  The  oxygcm  was  determined  directly 
ii8  H,0,  by  passing  H  over  the  powdered  mineral,  heated  in  a 
combustion  tube  at  low  red  heat,  the  If/)  being  caught  in  a 
series  of  calcium  chloride  tubes. 

The  specific  gravities,  as  given  by  Breithaupt:}:  and  Wheeler,^ 
for  the  natural  lead  di-oxide,  are  higher  than  is  recjuired 
by  its  constitution ;  and,  until  the  investigation  ])y  Kinch, 
the  high  specific  gravity  was  cited  as  sufficient  ground 
for  doubting  the  authenticity  of  the  species.  That  given 
by  the  Messrs.  ILawkinsj;  was  as  much  too  low.  This, 
however,  may  be  accounted  for  in  the  fact  that  their  analyses 
show  nearly  10  per  cent,  of  impurities  in  the  material  analyzed 

*The  specific  gravity  was  carefully  dotormincd  in  a  incnomotcr  with  attached 
thermometer,  the  mineral  (3"1»15  grains)  being  reduced  to  minute  fragments,  and 
the  air  Ijeing  pumped  from  it.  Determinations  of  tlio  sj)ccilic  gravity,  made,  with 
the  Jolly  balance,  on  two  other  fragments,  gave  S'.*J5  and  MMO,  the  latter  being  on 
a  very  small  fragment. 

i4'6463  grams  of  plattnerite  yielded  a  silver  button  weighing  0  0022  grms. 
9  392  and  9-448.  §9-411. 

7*25  ('*  the  mean  of  three  close  determinations"). 
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by  them.  The  specific  gravity  of  artificial  lead  dioxide  is 
variously  stated  to  be  8-902  (Herapath)*  8-933  (Kareten),+ 
8-756,  8-897  (Playfair  and  Jo«le),+  and  9-045  (Wcmicke).§ 

The  sizes  of  the  nodules  vary  from  S!"X  l"Xi"  to  8"x61'  X 
4i",  one  of  the  largest  niasaes  weighing  15  lbs.  4  oz.  Im- 
planted on  many  of  them  are  crystals  of  the  white  pyromor- 
Eltite  ;  and,  as  has  been  mentioned  above,  these  nodules,  wIicq 
roken  open,  are  speckled  with  this  mineral.  Some  of  these 
crystals  are  brown,  liciiig  coated  by  a  film  of  plattnerite;  and, 
until  this  film  was  cnt  through  and  tlie  true  nature  of  llie 
crystals  determined,  they  were  thought  to  be  plattnerite  crys- 
tals. As  tlic  plattnerite  was  originally  dcBcribedl;  as  licing 
rhombohcdral,  wcurring  in  hexagonal  crystals,  and  as  Greg 
and  Lettsom*'  liad  enggested,  that  it  might  possibly  be  pscudo- 
morphous  after  pyroniorphite,  thin  sections  were  made,  and,  at 
tlie  writer's  reyuest,  these  were  kindly  studied  under  the 
microsco]]c  by  Mr.  Geo.  P.  Merrill,**  who  reported,  that  he 
could  find  no  evidence  that  any  alteration  of  tlie  pyromorphite 
into  plattnerite  had  taken  place.  One  large  specimen  of  i)latt- 
nerite,  when  broken  open,  sliowed  sharp  angular  fragments  of 
milk-white  quartz,  which  formed  a  breccia  with  the  plattnerite 
as  the  cement. 

In  breaking  open  specimens  to  obtain  the  fresh  fractnre,  the 
writer  observed,  that,  here  and  there,  would  be  one,  which  was 
distinctly  fibrous,  in  part,  the  fibers  running  from  the  dense, 
black,  cryptocrystalline  material  to  irregular,  small  cavitie.', 
whicli  were,  more  or  less,  filled  with  a  bright  yellow-ocber. 
Tliese  libers  seemed  to  terminate  in  miuatc  jet-b'lack  cryslals. 
penetrating  slightly  into  the  ocher.  These  were  so  imperfect, 
liowever,  that  the  form  could  not  be  made  out,  even  with  a 
strong  lens.  The  libers,  when  examined,  were  found  to  be 
plattnerite,     A   few  dnisy  surfiiccs,  which  had  been  the  siiies 


near  MuUan,  Idahoj  with  OrystaUoffraphic  notes.    411 

In  conclusion  the  writer  desires  to  tender  his  thanks  to  Mr. 
ark,  who  so  generously  furnished  the  material  for  study  and 
3  data  for  the  description  of  its  occurrence. 


CrystaUographic  Xotes, 

From  the  specimens  of  plattncrite  submitted  to  the  writer 
Mr.  W.  S.  Yeates  the  following  results  were  obtained, 
le  crystals  of  plattnerite  (PbO,),  which  look  very  nnicli  like 
ssiterito,  are  very  minute,  varying  from  ^-^  to  j^jVir  ^^  ^^  \xic\i 
length,  and  are  found  filling  crevices  in  the  massive  platt- 
rite.  Moreover,  they  are  tetragonal  and  isomorphous  with 
tile  (TiO,),  cassiterite  (SnO,),  and  polianite  (MnO,),  all 
nerals  which  have  a  similar  chemical  composition. 
The  color  is  black,  and  where  the  planes  are  smooth,  the 
y^st^ils  are  very  bright,  having  a  nearly  adamantine  luster. 
J  cleavage  could  be  distinguished  and  the  crystals  are  very 
it  tie. 


1. 


3. 


4. 


a 


a 


!  a 


The  prevailing  form  is  that  shown  in  figures  1  and  2,  the 
isal  plane  being  very  common  ;  many  of  the  smaller  crystals, 
)wever,  have  simply  the  steep  pyramid  v  (801)  terminating 
e  prisms  as  seen  in  fig.  1.  The  crystal,  which  gave  much  the 
jst  results,  was  about  the  ^yir  of  an  inch  long  and  of  the  form 
id  about  the  proportions  shown  in  fig.  8.  The  forms  ob- 
rved,  referred  to  the  common  axial  ratio  of  this  group  of 
oxides,  are : 


a  (100,  1-0 
c  (001,  0) 


e(l01,  l-/) 
V  (:J01,  W'i) 


j;(;n2,  I). 


he  plane  a?,  (332),  bevelling  the  edge  between  the  pyramids  v, 
lOl)  was  observed  in  a  few  instances. 

The  prismatic  faces  are  badly  rounded  and  considerably 
riated,  and  though  bright,  could  not  be  depended  on  for  any 
)rrect  measurements  smce  their  reflection  extended   over  a 
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apace  of  two  degrees.  The  pyramid  v  (301)  wbb  very  brifrht 
and  qnite  large  and  well  defined;  and  the  pyramid  e  (101) 
was  also  bright  bnt  very  small.  The  basal  planes  were 
roimded  and  apparently  pitted  and  rough. 

On  account  of  the  very  raiante  character  of  the  pyramidal 
planes,  correct  tneasiirementa  were  difficult  to  make,  t&e  use  of 
the  signal  in  a  reflecting  goniometer  being  entirely  ont  of  the 
qnestion,  on  account  of  the  small  amount  of  light  and  reflec- 
tion in  the  goniometer  being  all  tliat  could  be  employed.  The 
manipulations  necessary  to  place  the  crystal  in  position  wen- 
also  very  delicate.  Tne  angle  between  301  and  301  gave  ihe 
best  detinition,  and  the  mean  of  many  measurements,  127°  3*', 
gives  the  axial  ratio 

a:c=\  :  0-67643 

The  following  are  calculated  and  measured  angles  for  tlie  fo^lt)^ 
301  and  101. 


Riitile  gives  the  axial  ratio  a :  c=\  :  004415,  and  tliougli  the 
habit  of  these  crystals  dilTers  from  that  of  the  other  memWrs  of 
the  gronp,  in  that  the  diametral  prism  is  alone  present,  it  i."  l" 
be  noted  that  the  pyramid  w  (301)  here  prominent  is  a  twiu 
ning  plane  with  rntile. 

U.  S.  NatioDsl  Miineiim,  Feb.  29tl],  1S92. 
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Vinal  Haveti),  the  greater  part  of  the  rock  between  Southern 
Harbor  and  Waterman's  Cove  is  eruptive,  probably  porphyrite. 
In  many  places  it  liolds  innumerable  fragments  of  roes  some- 
what similar  to  it«elf,  of  earlier  consolidation.  The  highest  of 
the  several  liills  formed  by  the  eruptive  rock  (145  feet  abo?e 
tide),  three  quarters  of  a  mile  northwest  of  the  village  of  North 
Raven,  is  known  as  Ames's  Knob. 

The  fossiliferous  strata  lie  immediately  north  of  the  area  of 
eniptive  rock,  occupying  lower  ground.  Tliey  run  about  east 
and  west,  with  prevailing  sontherly  dip,  and  have  a  thickness 
of  al)out  six  hundred  feet.  Their  preservation  at  an  accessible 
level  is  due  to  the  protection  against  glacial  erosion  afiortled 
by  the  more  resistant  eruptive  rock. 

Fossils  have  been  found  at  more  than  twenty  different  points 
in  the  three  cinarterB  of  a  mile  lietweeo  the  sfiore  of  Southern 
Harbor  and  tlie  road  from  North  Haven  villaee  to  Pulpit  (or 
NortheiTi)  Harbor.  Between  the  road  and  Waterman's  Cove 
the  beds  are  mostly  covered ;  the  outcrops  have  not  been  ex- 
amined for  fossils.  Two  miles  farther  east,  dark  blnish-^raj, 
brown-weathering  limestone,  like  one  member  of  the  North 
Haven  scries  (J  17,  L  17,  O),  and  overlying  quartzite  cross  the 
western  end  of  Stimpson's  Island  obliquely  from  northwest  to 
southeast,  in  a  narrow  belt  between  eruptive  rocks.  The  lime- 
stone there  has  yielded  only  an  indeterminable  brachiopod  and 
a  crinoid  disk. 

In  recording  the  localities  of  the  fossils  collected,  outcrop 
along  the  shore  of  Southern  Harbor  are  designated  bv  toe 
letter  "  J  " ;  those  inland  along  the  north  side  of  Ames's  feiiob 
arc  marked  "  K  " ;  those  along  the  west  shore  of  the  shallow 
bay  that  opens  into  Southern  Harbor  uortheast  of  Ames's 
Knob  are  lettered  "  L  "  ;  the  point  that  projects  into  the  head 
of  that  bay  is  occupied  by  the  eruptive  rock,  but  is  called  "M": 
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Foet. 
Brown-  or  ochre-weathering,  dark  bluish-gray,  impure  lime- 
stone, J  17,  L  17,  probably  O.    Fossils  distinguishable  only 

on  weathered  surfaces _ 21 

Concealed _ 75 

Light  colored  porphyry,  J  14,  L  14 _ 3 

Dark  bluish-gray  indurated  shale  (J  and  L  13-8),  slightly 
calcareous  in  places,  sometimes  with  calcareous  nodules, 
greenish-gray  in  upper  portion.  Many  fossils  at  L  12  and 
some  at  L  9.  The  plane  in  which  fossils  lie  at  L  12  shows 
the  strike  at  that  point  to  be  N.  55°  W.,  dip  N.  35°  E.,  70°. 
Exposure  not  continuous  either  on  J  or  L.  In  detail,  on 
J, — shale,  dipping  at  top  S.  8°  \V.,  55°,  1 15  feet ;  concealed 
22';  shale  2o';    concealed   15';    shale   8';    concealed    20'; 

greenish-gray  shale  (J  8)  45' _ 203 

Red  shale  (holding  nodules  of  white  limestone  at  one  point), 
red   and   white  sandstone  and  conglomerate,  J  7,  dip  S.  9® 

W.,  60° ;  L  7,  low  tide  exposure  only 42 

Various,  usually  hard,  argillaceous,  occasionally  calcareous, 
beds,  with  subordinate  strata  of  limestone,  frequently 
cross-bedded,  with  varying  strike  and  dip  (J  1,  S.  35°  E., 
65**;  J  2,  vertical;  J  5,  S.  10°  W.,  56°;  K  1,  S.  14°  E., 
65**;  L  1,  N.  25°  W.,  80";  L  2,  vertical;  L  3,  N.  20°  W., 
68*'-85°;  L  5,  S.  70°);  fossiliferous  at  J  6,  5,  2  (the  first 
two  respectively  42  and  85  feet  above  the  red  beds) ;  K  1 
(about  125  ft.  above  the  red  beds),  K  2  ;  L  5,  4,  2,  I ; 
thickness  about 175 

Total 606 

This  is  obviously  a  shore  and  shallow  water  deposit. 

The  band  of  porphyry  low  in  the  section,  J  14,  L  14,  seems 
to  follow  the  bedding,  but  at  L  14  is  seen  to  extend  northward 
and  cross  the  underlying  strata. 

The  eruptive  rock  south  of  tlie  fossiliferous  beds  cuts  across 
them  (N  1),  and  at  one  place  (M)  was  seen  surrounding  a 
fossiliferous  fragment  of  one  of  the  highest  beds  in  the  series. 
Near  the  contact,  the  stratified  rocks  are  disturbed  and  some- 
times violently  twisted  and  broken  (N  2). 

Within  the  mass  of  the  eruptive  rock  arc  included  some 
strata  which  appear  to  be  higlier  in  position  tlian  the  fossil- 
iferous rocks  above  described.  A  long  band  of  coarse  con- 
glomerate extends  from  near  the  peak  of  Ames's  Knob  to  the 
shore  of  Southern  Harbor  just  north  of  a  stone  wall  which  is 
indicated  on  the  Coast  Survey  charts.  A  sandstone  layer  in 
this  conglomerate  gave  the  strike  N.  55°  E.  Still  farther 
south,  half  way  from  the  wall  to  the  shore  of  the  Thorough- 
fare, and  120  yards  east  from  the  bay  east  of  Turnip  Island, 
red  shales  and  fine  sandstones  (strike  N.  08°  W.,  dip  S.  22° 
W".,  60°)  are  surrounded  by  the  eruptive  rock,  which  is  seen 
crossing  the  beds.* 
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Along  tiie  north  shore  of  the  ThoroagMare,  tsast  of  the  vil- 
lage, are  red  shales  tliat  closely  reaemble  those  uortb  of  AiQe&'f 
Knob,  J  7.  Here  also  the  dip  is  soathward.  They  overlie  t 
mass  of  diabase,  which  is  vesicular  in  its  upper  (eonthern) 
portion.  A  layer  of  light  colored  porphyry  lies  among  the 
shales  and  extends  westward  alon^  the  shore  between  tbe 
wharves  at  the  village.  Farther  west,  near  the  ferry  landinfc. 
are  fragmeiital  rocks  with  an  ash-like  cement,  which  must  over- 
lie the  red  shales.  In  this  vicinity  are  dykes  of  diabase  and  of 
light  colored  porphyry  showing  flow  strncture  parallel  to  its 
walls. 

The  northern  part  of  Vinal  Haven,  excepting  Calderwoorf's 
Keck,  is  made  up  largely  of  felsophyre  (laminated,  some- 
times spheriilitic)  and  felsophyre-breccia,  with  porphvrite 
and  diabase.  The  southern  part,  including  the  greater  por 
tion  of  the  area  of  the  island,  is  mainly  occupied  by  granite. 
Aloiig  the  northwestern  side  of  Seal  Cove,  which  opens  into 
the  Thoronghfare,  is  a  limited  region  of  altered  schists,  int.! 
which  are  intruded  dykes  from  the  granite  near  the  head  uf 
the  Cove.  The  schists  strike  N.  20° -40°  E.,  and  dip  norlh- 
westward,  40°-i»5°. 

The  presence  at  North  Haven  of  a  familiar  species  of  Mono 
graptUB  gives  an  interesting  item  of  information  in  regard  ty 
the  geographical  distribntioii  of  Upper  Silurian  gniptolites  in 
America,  of  which  hnt  little  is  yet  known,  (4raptolitcs  have 
been  reported  us  occurring  at  a  few  Tipper  Silurian  localities 
in  New  Rrnnswick,  Nova  Scotia  and  Newfoundland.  Repts. 
Canada  Geol.  Surv.,  ISS5,  pp.  14,  15  G ;  1874-5,  p.  10.  lHS.i. 
p.  :>-2,  E  ;  ISISC,  pp.  43.  4li  P ;  Geology  of  Newfoundland  (l!>Tl 
Ke])t.),  i»,  31.  They  were  mentioned  as  occurring  at  Anticosti 
at  a  somewhat  high  level  in  the  (Middle  Silurian)  Anticoati 
Oroiip,   Rept,    1853-7,   p.  253,  ISd-if,  p.  302,  hiit  were  iiol  iu- 
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a  decidedly  strong  Niagara  facies.     Therefore,  the  broader 
Niagara  will  more  correctly  express  the  chronological 
ions  of  these  strata. 

le  Clinton  species  are  mostly  confined  to  the  lower  half  of 
series.  This  is  of  considerable  significance,  but,  at  the 
J  time,  nearly  all  the  typical  Niagara  forms  are  associated 
them  in  abundance.  Another  fact  to  be  noted  is  the  con- 
lous  absence  of  some  species  from  the  entire  series ;  as, 
focrinus  ornatua^  Sjytrlfer  niagarensis^  Hhynchotreta 
ata^  and  Pentarneriis  oblongu8.  Similar  discrepancies 
r  in  the  Niagara  fauna  at  Waldron,  Indiana,  and  elsewhere, 
merely  serve  to  give  distinctive  features  to  such  faunas. 


of  fossils  with  their  location  in  the  section  and  on  the  map. 


a^ptus  clintonensis  llalU  L  12. 

stroma  sp.,  L  19. 

lelasma  caljculum   //a//,   L  12.  J 

L  19. 

>phyUum  niagarense  Uall^  0  18. 

rites  venuatus  HalU  L  19. 

lites  niagarensis  HalU  L  19. 

(itcs  favosuR  Hally  J  1 8. 

pora  sp..  0  18. 

;es  ramulosus  Hall,  0  18. 

culipora  ap.,  J  5. 

(ites  catenulatus  Linne.  L  19. 

lites  spluoponis  Hall,  L  19. 

id  fragments,  J  1,  L  1,  N  1,  L12. 

ilites  sp..  N  2. 

culites  .**p.,  N  2. 

Durus  punctatus  Wahl.,  L  9.  L  1 2, 

8. 

leoe  niagarensis  llall,  K  I . 

anitcs  limulurus  Green,  K  1,  J  <^ 

\.  L  12. 

irus  niagarensis  Hall,  K  \ . 

us  ioxus  Hall.  L  9,  L  12. 

lis  Stokesi  Hall,  K  2. 

chia.  2  species,  L  4,  J  6, 

rditla  sp.,  K  2,  L  4. 

jteUa  sp.,  K  7.   (In  limestone  ncxi- 

.) 

>pora  sp ,  K  2. 

ila  lamellosa  Hall,  L  1 2. 

ocrania  sp.,  L  4. 

s  elogantula  Z>a/.,  K  1,  N  1,  K  2, 

2?,  J  2,  N  .1,  N  5,  L5.  J  G,  L  12. 

s  hybrida  Sow.,  L  2. 

8,  2  species,  L  12,  0  IS. 

ena  transversalis  Wa/i/.,   L  12,  0 

ena  (cf.)  sericea  Sow.^  K  1,  K  2, 
2,  J  2,  J  6. 

homena  rhomboidalis  Wile,  L12. 
heodonta  profunda  HcUl,  N  5. 


Streptorhynchus  subplanum  Con.,  K  1. 
Chonetes  cormitus  //(///.  L  4. 
Pentamerud  oocideutalis  Hall,  L  19. 
Meristina  uitida  Hall,  K  2?,  J  5,  L  9? 
Meristina  sp.,  ,1  5. 
Nucleospira  pisum  Hall,  0  18. 
Coclospira  disparilis  Hall,  L  9. 
Spirifer  crlspus  His.,  K  1,  N  1,  J  2,  K  2, 

N  2,L6,  N  5,  J  6,  0  18. 
Spirifer  sulcatus  His.,  J  5. 
Spirifer  radiatus  Sow  ,  L  12. 
Cyrtiua  pyramidalis  Hall,  J  6. 
A  try  pa  reticularis  Linne,  K  2,  N  5,  J  5, 

L  5,  L  9.  L  12. 
Atrypa  nodostriata  Hall,  0  18. 
RhynchonoUa  neglecta   Hall,  K  1,  N  1, 

J  2,  N  2,  N  5. 
Riiyncbonella  obtusiplicata  Flail,  K  1. 
Hhyncbonella  sp.,  K  2.  J  2. 
Riiyncbonella  (Wilsouia)  sp.,  K  1,  N  2. 
Nucula  sp.,  K  1. 
Tellinomya  sp.,  N  2. 
Avicula  demissa  Con  ,  K  1. 
?  Avicula  subplaua  Hall,  L  12. 
Avicula  sp  ,  L  5. 
('ypricardinia  sp.,  0  18. 
Platyostoma  niagarense  Hall,  L  12. 
Loxonema  sp ,  K  1,  L  12. 
Pleurotoinaria  sp.,  K  1,  L  4,  L  12. 
Belleropbon  sp.,  K  1,  L  12. 
Cyrtolitos  sp.,  L  12. 
Murchisonia  sp.,  L  12. 
Hyolitbes  yp.,  N  4. 
Ortboceras  auiiulatum  Soic,  K  1,  L  9,  L 

1  •> 

Ortboceras  subcancellatura  Hall,  L  12. 
Ortboceras  virgulatuni  Hall,  L  9,  L  12. 
Ortboceras  (aiinulated),  2  species,  L.  12. 
Gomphoceras  sp.,  L  12. 
Cytoceras  subcancellatura  Hall,  L  12. 
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Summary. 

Hjdrozoa,  2  species.  Brnchiopoda,  31  species. 

Actinozon,  III       "  Pelecypoda,  €       '' 

Annulidn,  2       '•  Osstropoda,  6       " 

TrtlobiUl,  6       "  Pteropoda,  I        ■■  ' 

Ostracoda,  3       '■  Cephalopoda,  T       " 

Bryozoa,  2       "  Total,  T2 

Nearly  all  the  corals  are  confined  to  the  lower  beds,  J  18, 
L  19,  and  0  18 ;  the  tirst  two  are  a  conj^lomerate  of  conl 
fragments  with  pebbles  of  quartz  and  hydromica  schiBt,  while 
the  latter  is  a  limestone.  Tne  greatest  number  of  species  (24) 
is  found  near  the  middle  of  the  series  (L  12)  in  a  elightly  indu- 
rated shale.  The  fauna  was  evidently  a  rich  one,  aud  several 
of  the  unidentified  species  are  probably  new  to  science.  Manr 
of  them  show  distinctive  characters,  but  the  majority  are  too 
fragmentary  and  poorly  preserved  for  accurate  description  or 
determination.  C.  E.  a 


Art.   LII. — Zine-bsaring   Spring    Waters  from,   Missouri: 
by   W.   F.   HiLLEBRAND. 

Zinc  salts  have  been  observed  in  the  waters  from  La  Malon 
in  the  sonth  of  France,  according  to  Doelter,*  and  in  those  of 
certain  hot  springs  of  New  Zealand,!  perhaps  also  in  those  of 
other  localities,  but  I  have  as  yet  been  unable  to  find  any  data 
bearing  upon  their  contents  in  such  salts.  Durand-Farder^ 
Dictionnaire  des  Eaux  Minerales,  18G0,  fails  to  include  zinc  af  i 
constituent  of  the  waters  of  La  Malou  which  had  been  anal- 
yzed up  to  that  time.  It  is  therefofe  improbable  that  tliis 
?-idorable  Quantity. 
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il  Creek  and  four  and  a  half  miles  southwest  of  Joplin  is  a 
bluff,  perhaps  18  feet  high,  formed  by  a  portion  of  the 
lington  Chert  Beds.  At  the  base  of  this  bluff,  in  a  shallow 
■ession,  is  a  series  of  springs  extending  for  a  distance  of 
laps  150  feet  and  emptying  their  waters  into  the  above 
tioned  depression,  wherein  a  sluggish  current  is  produced 

a  deposition  of  a  slimy  white  precipitate  takes  place. 
y  vary  in  size,  discharging  from  one-half  to  three  gallons 
^ater  per  minute,  and  about  30  gallons,  or  150  to  160  liters, 
he  aggregate.  So  far  as  can  be  judgecl  by  the  taste  they 
'  also  in  composition,  some  waters  being  much  stronger 
I  others. 

he  two  samples  analyzed  were  taken  by  Mr.  James  A. 
ves,  of  Joplin,  from  springs  about  90  feet  apart,  designated 
he  East  Sprint  and  the  West  Spring,  whicli  were  not  only 
most  powerful,  but  which  also,  judged  by  the  taste,  fur- 
ed  the  strongest  water.    The  composition  as  given  below  is 

of  the  water  after  having  stood  in  sealed  bottles  for  two 
hree  weeks  and  having  been  then  separated  by  filtration 
3  a  whitish  flocculent  deposit  which  was  probably  formed 
r  collection  of  the  samples,  in  which  case  the  reported 
position  does  not  exactly  represent  that  of  the  water  as  it 
3d  from  the  spring.     As  received  the  waters  were  clear 

limpid  above  the  sediment,  they  were  neutral  to  litmus 
jr,  and  their  density  differed  but  little  from  that  of  pure 
5r,  that  of  No.  I  being  1-0006  at  20^°  C.  The  samples 
3  too  small  and  time  was  too  valuable  to  admit  of  exhaust- 
examination  or  of  duplication  of  determinations.  The 
yses  are  as  follows  : 


I. 

Cast  Spring. 
Parts  In 
1,UX),0UU. 

II. 
Went  Spring. 
Pans  in 
1.0U0.0U0. 

I. 

EH.st  tiprinK. 
I'arU  in    PcrcentaHrc 
1,000,00(».   Compo«ltlon. 

II. 

Wi'81  SpriHK. 
Parts  in    l*orct'nta»fe 
l.aw.UUO.  CoiiipoBltlon 

trace 

uDdet. 

PbS04 

trace 

trace 

imdet. 

undet. 

•0 

1. 

C11SO4 

•5 

•09 

I. 

> . 

•5 

9 

• 

CdSO, 

•9 

•17 

9 

• 

• 

120-5 

132-4 

ZnS04 

297-7 

5514 

3270 

57-)4 

•6 

•6 

FeSO^ 

1-6 

•30 

10 

•28 

2-3 

2-4 

MnSO, 

6-3 

1-17 

0-G 

1-15 

•4 

5 

AUSOOs 

2-5 

■4(i 

3  2 

•50 

611 

63-1 

Ca.S04 

109-9 

20-34 

8r,-8 

14^09 

3-8 

4-2 

MgS04 

100 

3- 52 

2 10 

3-07 

25 

25 

K2SO4 

r,-G 

1-04 

5G 

•98 

3-6 

3-9 

NaaSO« 

5-9 

1-00 

6-8 

119 

2-6 

2-6 

NaCl 

43 

-80 

4-3 

•75 

284-9 

287-6 

CaCO, 

72-0 

13-34 

94-7 

10  55 

43-2» 

56-8* 

SiOa 

13-7 

2-54 

157 

2-74 

13-7 

15-7 

539-9 

lOO'OO 

!ilfi''i 

100-00 

5399 

572-3 

i   \I\J     V\/ 

u  %  0  *J 

1  VV/    VVI 

♦  Calculated. 
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BesideB  the  above  tabulated  constitneats  the  waters  beld  i 
coDsiderable  quantity  of  organic  matter,  which  was  not  esti- 
mated, a  small  amount  of  ammonia  not  exceeding:  one  part  pet 
million  and  wliicli  if  counted  ae  sulphate  wonld  affect  onh 
Rlightly  the  relative  ptoportions  of  calcium  enlpbate  and  car- 
bonate, und  in  an  unconcentrated  state  tliey  gave  no  reaction 
with  brucine  or  diphenylauiine  for  nitrates  or  nitrites.  Al- 
though cudmiuin  was  not  found  in  the  water  from  the  West 
Spring,  it  is  poRaible,  in  view  of  the  close  similarity  of  the  two 
waters,  that  it  was  somehow  overlooked. 

In  analyzing  these  waters  a  ])ecnliarity  deserves  to  be  men- 
tioned, which  may  at  the  same  time  serve  as  a  warning  to  ant 
one  who  uiay  in  the  future  examine  them.  Although  a  por- 
tion of  the  calcium  unquestionably  exists  as  carbonate,  asshowo 
by  the  excess  of  bases  over  chlorine  and  sniphnric  anhydride, 
it  is  nevertheless  the  case  that  nU  the  carbon  dioxide  ie  ex- 
pelled by  simply  boiling  the  water.  The  amounts  found  for 
the  East  and  West  springs  resjxsctively  were  130-j>  and  llOii 
jiarts  of  CO,  per  million.  No  more  was  obtained  by  acidifj- 
ing  the  water.  At  the  same  time  a  precipitation  of  a  btic 
compound  free  from  carbon  dioxide  and  from  calcinm  begao 
to  take  place  in  the  water  as  soon  as  the  boiling  point  vas 
neared,  which  soon  ceased  after  ebullition  set  in.  This  pre- 
cipitation furnishes  the  explanation  of  the  total  escape  of  car- 
bon dioxide  combined  as  well  as  free,  from  the  unaciduJated 
water;  for  as  the  calcium  bicarbonate  in  solution  becotoes 
decomiKised  by  heat  the  calcium  carbonate  at  temperature* 
near  the  boiling  point  at  once  reacts  with  ziuc  sulphate  with 
the  formation  of  calcium  sulphate,  zinc  hydrate  or  a  very 
basic  sulphate,  and  carbon  dioxide.  A  determination  of  total 
solid  constituents  by  evaporation  of  the  water  to  dryness 
iivolve  therefore  a  very  serious  error  in    addition  to 
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from  a  solation  of  the  chloride  by  calcium  carbonate,  or  by  the 
bicarbonate  as  I  have  satisfied  myself  by  experiment,  this  does 
not  seem  to  be  the  case  with  a  solution  of  zinc  sulphate.    An  ex- 

Eeriment,  tested  by  repetition,  with  zinc  sulphate  and  calcium 
icarbonate  in  about  the  proportions  shown  in  the  above 
waters,  i.  e,  with  insufficient  carbonate  to  throw  out  all  the 
zinc,  by  observing  which  precaution  no  calcium  carbonate  can 
<x>ntaminate  the  precipitate,  showed  that  the  latter  was  abso- 
lutely free  from  carbonic  acid  and  from  calcium,  but  contained 
some  sulphuric  acid.  If  this  is  the  normal  reaction  for  the 
sulphate  it  is  the  one  to  be  chiefly  considered  by  the  geologist, 
for  in  nature  the  sulphate  of  zinc  and  not  the  chloride,  on 
which  latter  laboratory  experiments  seem  to  have  been  largely 
made,  is  the  form  in  which  that  element  is  most  likely  to  be 
found  in  solution. 

The  sediments  from  the  bottles,  which  were  very  slimy, 
amounted  when  dried  at  100°  C.  to  approximately  17*0  parts 
per  million  of  the  water  from  the  East  Spring  and  to  about 
40*3  parts  per  million  of  that  from  the  West  Spring.  They 
contained  thus  dried  not  less  than  13  per  cent  of  water  and 
organic  matter,  while  the  ignition  residue  was  about  three 
fourths  silica,  and  the  remainder  zinc  oxide  with  a  little  iron, 
alumina,  and  sulphuric  acid.  The  sediments  were  undoubtedly 
a  mixture  of  amorphous  silica,  with  very  basic  sulphates  of 
zinc,  aluminum  and  iron,  without  calcium.  They  had  in  both 
cases  probably  formed  after  the  water  was  bottled,  for  they 
continued  to  appear  in  that  portion  of  the  filtered  water  which 
was  retained  as  a  reserve  till  completion  of  the  analysis.  As 
the  two  waters  were  not  analyzed  simultaneously  the  analyses 
are  not  strictly  comparable,  for  one  had  deposited  more  sedi- 
ment than  the  other,  but  it  is  noticeable  that  the  water  richest 
in  salts  had  also  deposited  most  sediment,  showing  that  the 
differences  in  the  analyses  are  not  solely  or  in  the  main  due  to 
the  different  lengths  of  time  that  had  elapsed  between  bottling 
and  analyzing,  but  to  inherent  differences  in  composition. 

With  the  waters  was  sent  in  a  separate  small  bottle  a  sample 
of  the  precipitate  deposited  in  the  depression  into  which  the 
springs  emptied.  It  was  contaminated  by  much  decaying 
vegetable  matter  and  admitted  of  no  satisfactory  quantitative 
examination,  but  after  filtration  and  washing,  qualitative  tests 
showed  it  to  be  essentially  the  same  as  the  deposit  found  in  the 
bottles.  Owing  to  its  greater  amount  it  was  also  possible  to 
ascertain  that  cadmium,  lead,  and  copper  were  to  a  certain 
extent  concentrated  in  it. 

The  source  of  the  metallic  salt  constituents  of  these  waters 
is  of  course  to  be  sought  in  one  of  the  deposits  of  zinc  blende 

Am.  Joub.  Sol— Third  Sbribs,  Yot«.  XLIII,  No.  267.— Mat,  1892. 
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BO  nunierons  in  that  part  of  Misaonri  and  acrogs  the  Stite 
boundary  in  Kansas,  although  there  are  no  known  indicatiou 
of  zinc  ores  within  a  qnarter  of  a  mile  of  the  springB  and  do 
large  producing  zinc  mines  within  two  miles  of  them.  Tbe 
limestones  and  cherts  of  the  region  supply  the  calcium  and 
silica,  and  the  organic  matter,  if  not  originally  of  surface  origin, 
may  well  hare  come  from  oxidation  of  the  bitumen  whi(£ii 
found  in  quantity  in  the  limeetone.  The  permanent  water  level 
thereabouts  is  very  near  the  surface,  and  it  is  not  to  be  supposed 
that  the  particular  waters  under  discussion  have  come  from  t 
great  depth  or  are  other  than  surface  waters.  The  amount  of 
zinc  sulphate  in  them,  however,  is  from  two  to  three  times  i» 
much  as  could  have  resulted  under  the  most  favorable  condi- 
tions from  oxidation  of  zinc  sulphide  either  directly  or  indi- 
rectly liy  the  sole  agency  of  oxygen  carried  down  by  surface 
waters.  It  is  probable,  therefore,  that  the  ore  bed  whence  tk 
supply  of  metals  is  derived  lies  very  near  the  surface,  above 
tlie  permanent  water  level  of  the  country,  where  the  atmos- 
pheric oxygen  has  direct  access  to  it  through  porosity  of  the 
earth's  surfece.  The  powerful  indnence  of  oxygen  thus  acting 
on  moist  ore-bodies,  wliich  have  been  exposed  by  the  opening 
up  of  mines  in  clianging  the  character  of  the  waters  of  \ 
region,  is  shown  by  E.  Ilaworth*  in  writing  of  the  mine  waters 
of  the  adjoining  county  of  Cherokee,  in  Kansas  :  "The  well 
and  spring  waters  before  the  mines  were  opened  were  firrt 
class,  ....  But  as  soon  as  the  mines  were  opened  all  im 
changed,  and  the  older  the  mines  the  worse  the  water.  Ani- 
mals of  all  kinds  began  being  seriously  affected,"  etc.  He 
ascribes  the  high  contents  of  the  waters  in  metallic  salts  eolel/ 
to  the  greater  amount  of  oxidation  rendered  poe&ible  by  ei- 
posure  of  masses  of  ore  in  the  mine  workings  and  on  thedumw 
to  atmos])bt'ri«  action,  and  gives  instances  to  show  bow  rapimv 
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.    LIII. — A    Meteorite  from   Central    Pennsylvania  ;* 
by  Professor  Wm.  G.  Owens, 

IE  meteorite  which  I  wish  to  describe  at  this  time  was 
d  on  or  about  the  25th  of  September,  1891,  upon  the 
side  of  Bald  Eagle  mountain,  seven  miles  south  of  the 
:  Hotel,  Williamsport,  Pa.  At  this  point  the  mountain 
ss  down  to  the  edge  of  the  Susquehanna  river,  a  road- 
for  the  Philadelphia  and  Erie  Kailway  having  been  cut  in 
mountain  side.  Numerous  transverse  depressions  occur 
e  mountain  side  and  some  of  these  are  filled  .with  loose 
stone,  varying  in  size  from  a  few  cubic  inches  to  several 
5  feet  in  volume. 
was  in  one  of  these   depressions,   several   hundred  feet 

the  railroad  track,  that  some  Italians,  while  getting  out 
»  for  a  stone-crusher,  found  in  a  bed  of  loose  stones  about 
iters  (6f  ft.)  deep,  something  which  resembled  a  stone  in 
arance ;  it  was  covered  with  a  fungus  growth  as  were  the 
18,  but  when  picked  up  attracted  the  laborer's  attention  on 
mt  of  its  weight.    He  showed  it  to  the  superintendent  who 

to  break  it  and  failing  attempted  to  cut  it  with  a  cold 
J,  when  it  proved  to  be  soft  iron.  After  this  it  was  again 
)ut  soon  after  found.  When,  several  weeks  later,  the  owner 
e  crusher,  Mr.  George  S.  Matlack,  class  of  1870,  came  ta 
^orks  it  was  given  to  him  and  he,  realizing  its  value,  pre- 
jd  it  to  this  university.  It  weighs  3'3  kilos  (7  lbs.  1  oz.) 
bape  it  resembles  in  general  outline  a  human  foot.  The 
ace,  corresponding  to  the  sole,  measures  16*6*^"  (6^  inches) 

and  8'^°'  (3^  inches)  wide  at  the  broadest  place.  From 
ixtremity  of  the  heel  it  projects  upward  14''™  (5^  inches) 
ag  in  a  point.  The  surface  is  covered  with  a  reddish 
n  iron  rust.  This  easily  scales  off  in  many  places,  and  at 
•al  points  this  covering  is  so  thin  that  the  bright  metal 
»  through.  It  is  pitted  quite  deeply  in  some  places,  and 
irregular  in  outline.  On  the  projection  above  the  heel 
)  is  a  cavity  about  I'S*'™  (finches,)  deep  entirely  burned 
ind  almost  opposite  a  core  which  has  been  only  partially 
imed. 

lere  are  several  surfaces  upon  it  which  would  seem  to 
late  that  the  objects  which  it  struck  in  falling  were  flat. 
ven  was  the  surface  corresponding  to  the  sole  of  the  foot 
when  it  was  cut  for  etching  not  more  than  2"'°™  (^  in.)  had 
e  removed  to  get  a  surface  of  32  sq.  cm.  (5  sq.  in.). 
be  front  there  is  also  a  surface  of  much  smaller  extent^ 
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which  is  perfeutlj  flat  and  from  it  there  projects  a  tip  or  point. 
Its  specific  gravity  ie  7*06.  It  is  qnite  soft  compared  vift 
iron.  Most  of  the  surface  is  covered  with  a  very  thin  ooitioi 
of  rust  When  polished  and  etched  with  dilute  acid  theWf 
inannatatten  lines  appeared  very  distinctly  and  beantifnllT. 
Chemical  analysis  gave:  Fe  91-36,  Ni  7*56,  Co  OTO,  P01M, 
S  006,  Si,  trace  =  99-77. 

Nothing  is  known  as  to  the  time  of  its  fall,  though  as  it  «k 
found  covered  by  several  feet  of  stones  which  have  not  moTed 
sensibly  since  the  Susqnehanna  Valley  has  been  inhabited  bj 
white  men  it  could  not  have  been  recent.  As  far  as  can  be 
learned  this  is  the  only  specimen  of  the  fall  which  has  been 
found. 


Art.  LIV. — On  two  Meteoric  Irons  ;  by  Gkorqe  Fbedebici 
Kusz  and  Ernest  Wkinschenk,  Ph.D.  With  Plite 
XIII. 

1.  Indian  Valley  Townahip,  Floyd  County,  Virginia. 
In  the  spring  of  1887  a  mass  of  meteoric  iron  was  turned  up 
by  Mr.  John  Showalter,  while  plowing  hio  tobacco-patch,  sitn- 
'ated  in  Indian  Valley  Township,  near  the  Carroll  and  Fnlaski 
lines,  and  near  the  base  of  the  sooth  side  of  Floyd  Mountain, 
six  miles  southeast  of  Hadford  Furnace,  Virginia.  He  made 
careful  search  in  the  near  vicinity  for  other  pieces,  but  with- 
out success.  This  meteorite  weighs  thirty-one  ponnds,  or  fotI^ 
teen  kilos.  It  measures  28x20x13  centimeters,  or  11x8x3 
inches.  The  surface  of  the  iron  is  very  much  corroded  and  a 
entirely  covered  with  a  limonite  crust,  very  little  of  the  orif- 
inal  t:riist  boinf;  visible.     On  the  exterior  are  deep  depressiocj 
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The  rtructnre  of  this  meteorite  is  very  interesting,  as  it  lies 
between  the  so-called  breccia  and  hexahedral  irons.  Even  on 
the  unetched  polished  sides  it  is  possible  to  identify  the  crystals 
of  schreibersite  arranged  in  bands  lying  parallel  to  the  Neumann 
lines,  which  on  the  larger  part  of  the  mass  are  as  well  devel- 
oped as  in  the  Coahnila  iron.  Some  parts  of  the  piece  exhibit 
a  granular  structure  identical  with  that  of  Chattooga  County. 

As  the  Chattooga  County  meteoric  iron  was  erroneously 
referred  to  the  Coahuila  iron  by  a  writer*  who  had  not  seen 
the  mass,  the  writers  feel  it  their  duty  to  rectify  this,  and  to 
state  that  Chattooga  County  is  over  fifteen  hundred  miles  north- 
east from  where  the  nearest  of  the  Coahuila  masses  was  found. 

It  is  a  question  whether  the  granular  structure  is  the  orig- 
inal structure  out  of  which  hexahedral  particles  were  formed 
through  re-crystallization,  or  whether  it  is  due  to  the  fact  that 
this  iron,  not  being  rich  in  nickel,  has  a  lack  of  crystallizing 
power;  and  it  is  impossible  to  decide.  In  any  case  this  iron  is 
not  rich  in  nickel  and  cobalt 

The  thanks  of  the  writers  are  due  to  Mr.  Walter  Wood,  of 
Philadelphia,  for  his  courtesy  in  assisting  one  of  us  to  obtain 
this  meteorite  and  to  ascertain  the  facts  ot  its  discovery. 

2.     Sierra  de  la  Ternera^  Province  of  Atacama^  Chile, 

This  meteorite  was  kindly  loaned  to  us  by  Dr.  Moricke,  of 
Stuttgart,  Germany,  who  obtained  it  on  a  trip  in  Chile,  with 
the  information  that  it  was  found  in  the  Sierra  de  la  Ternera. 
The  specimen  is  an  elongated  mass,  and  although  small — 
weighing  but  650  grams, — is  undoubtedly  the  entire  meteorite, 
as  the  unbroken  original  crust,  beautifully  preserved,  and 
entirely  covered  with  deep  finger  like  markings,  would  indi- 
cate. 

Having  received  permission  from  the  owner,  one  end  was 
cat  and  polished;  it  was  then  found  that  dilute  nitric  acid 
scarcely  attacked  the  iron,  and  onlv  after  heating  was  it  pos- 
sible to  obtain  distinct  etching.  The  figures,  however,  were 
not  characteristic.  The  ground-mass  of  this  iron  indicates  a 
very  compact  structure  on  which  there  is  to  be  observed  a 
peculiar  moire  sheen,  although  this  is  not  the  character  of  the 
"Cape  Iron,"  which  it  more  nearly  resembles,  being  a  much 
more  grained  surface  and  by  strong  etching  becomes  easily 
dull.  In  this  ground-mass  are  to  be  seen  fine  short  sharply- 
drawn  lines,  which  from  their  luster  are  very  prominent.  Tliev 
are  evidently  not  rhabdites,  but  are  probably  lamellse  of  a  nickel- 
iron  mixture.     In  the  chemical  analysis,  0'44915  grams  of  this 

*  Proe.  Amer.  Acad.  Arts  and  Sciences,  Oct.  10,  1888,  p.  34. 
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material  dissolved  in  hydroehloric  acid,  which   has  been  idV 

i'ected  to  prolonged  beating,  afforded  Dr.  Weinechenk  the  fot 
owing  refinlts : 

Fe 83-02 

Ni : 16-22 

Co 1-63 

P 000 


The  above  analysis  would  place  this  iron  near  the  "  Cape 
Iron  Gronp."  As  the  phyBieal  properties  of  thia  group  of  ironi 
have  been  so  little  studied,  it  is  impoBsible  for  ns  to  Bay  whether 
the  structure  coincides  or  not.  The  complete  absence  of  phos- 
phoric acid,  of  which  not  a  trace  conld  be  detected,  indicata 
that  this  nieteontc  is  an  exception  to  the  general  rale  in  not 
containing  the  characteristic  phosphor-nicSel  iron.  To  the 
best  of  our  knowledge  the  occurrence  of  an  iron  in  this  groap 
from  Chile  is  new.  It  represents  a  new  type,  and  possesses 
none  of  the  many  characteristics  of  the  other  known  Chilean 
meteorites. 


Art.  LV. — TAe  Molecvlar  Maasea  of  Dextrine  and  G'lm 
Arahio  as  detefmlned  hy  thsir  Osmotic  l*Tesiure»\  bj 
C.   £    LiNEBARGEK. 


Pfeffer's   Osrnotiso/ie    Unterauchungen*    have    furnished 
until  now  the  princi)>al  experimental  support  for  Van  't  Hoffs 

theory  of  solutions.     The  ineasuremeiits  of  the  osmotic  pres- 
sures of  cane  sugar  solutions  agree  as  well  as  could  l)e  ti    '    ' 
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having  the  formula  when  dried  at  100°  (C„H„0„)„.  Nothing 
positive  is  known  as  to  the  nnmerieal  value  of  n.  Let  us  see 
if  Pfeffer'e  measurements  will  give  us  some  information. 

Ffeffer  found  that  a  1  per  cent  solution  of  gum  arable* 
exercised  an  osmotic  pressure  of  7*2^°*  of  mercury  at  16*1°. 
Applying  the  formula  for  dilute  solutions,  ^«  =  RT,  where  ^ 
indicates  pressure  in  grins,  per  cm*,  v  the  volume  occupied  by 
a  molecule  of  the  dissolved  substance,  R  the  constant,  84500, 
and  T  the  absolute  temperature,  we  have  j[>  =  97*2  grms.  per 
cm\  T  =  289*1°  and  v  =  100  a?,  where  x  represents  the  molecular 
mass  of  gum  arabic.  On  solving,  we  obtain  for  x  the  value 
2513.     This  can  be  regarded  as  only  approximately  correct,  for 

Srobably  the  gum  arabic  employed  was  not  chemically  pura 
few  the  molecular  mass  of  a  substance  possessing  the  formula 
C„H„0„  is  342,  which  multiplied  by  seven  gives  2394.  This 
does  not  differ  greatly  from  the  value  obtained  by  experi- 
ment. As  gum  arabic  when  ignited  leaves  an  ash  amount- 
ing to  3-4  per  cent  of  its  weight  and  consisting  of  the  carbo- 
nates of  potassium,  magnesium  and  calcium,  the  formula  to  be 
ascribed  to  the  gum  is  not  (Oi,H„Oj,X  but  a  similar  one  in 
which  some  of  the  hydrogen  atoms  are  replaced  by  the  above 
bases.  This  would  so  increase  the  molecular  mass  that  it 
would  approach  nearer  that  found  experimentally.  We  con- 
clude then  that  the  molecular  mass  of  gum  arabic  is  about 
2500,  and  that  the  molecule  consists  of  seven  simpler  mole- 
cules. 

For  dextrine,t  Pfeffer  found  in  1  per  cent  solution  an 
osmotic  pressure  of  iQ'%'''^  of  mercury  at  15*6°  C.  Applying 
the  formula,  we  have  T  =  2886°,  p  =  2251  grm.  per  cm'  and 
V  =  100  a?,  solving,  x  =  1083.  A  substance  of  the  formula 
C.HjoO^  has  a  molecular  mass  of  162  ;  multiplying  by  seven,  we 
obtain  1134,  a  number  which  agrees  well  with  the  one  obtained 
by  experiment.  The  molecular  mass  of  dextrine  is  therefore 
1134  and  its  formula  (CeH,„Oj,. 

I  recently:}:  published  tlie  results  of  the  determination  of 
the  osmotic  pressure  exerted  by  colloid  tungstic  acid,  from 
which  the  molecular  mass  was  calculated  to  be  1750  and  the 
molecule  (H^WOJ,.  It  is  remarkable  that  in  these  three  cases, 
which  as  far  as  I  know,  are  the  only  ones  yet  examined,  the 
colloid  molecule  is  sevcji  times  the  simple   molecule.      This 

*The  gum  arable  is  stated  as  being  "Bel  lOO**  C.  getrockuetes  arabisches 
Gummi."     Osra.  Unt,  p.  105. 

f  The  foUowing  is  the  description  of  the  dextrine  employed.  "  Das  Dextrin 
war  als  chemisch  rein  von  der  Fabrik  bezeichuet.  Da  ioh  (Pfeffer)  es  aber  uicht 
einer  specicUen  Reinig^ng  unterwarf.  so  kann  ioh  nur  sagen,  dasB  Traubenzucker, 
wenn  Qberbaupt  dann  vorhaudeu,  jedenfalls  nur  in  minimaler  Mcnge  zugegen 
war.*'     Osin.  Unt.,  p.  112. 

%  In  March  number  of  this  Journal,  cxiiii,  218. 
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seeniB  to  point  to  a  more  or  loae  distant  analogy  with  the 
periodic  syetem  of  the  elements,  where  likewise  tne  nnniber 
seven  plays  an  important  part.  It  will  be  interesting  to  see  if 
snbeeqncnt  determinations  of  the  oemotio  pressnres  of  colloids 
will  enow  this  to  be  general.  I  am  at  present  engaged  in  test- 
ing an  apparatus  for  the  rapid  and  accurate  determination  of 
the  osmotic  pressures  of  snch  sabetances  as  do  not  dialjK 
throngh  parchment  paper,  etc.,  which  will  enable  me  to  get  it 
the  molecular  masses  of  the  substances.  These  determinations 
will  be  carried  out  mostly  with  those  substances  treated  of  io 
Physiological  Chemistry.  When  once  the  molecnlar  masses  of 
the  complex  colloid  substances  of  animal  and  vegetable  origio 
are  known,  a  great  stride  in  advance  will  have  been  made. 
As  the  value  of  an  investigation  of  this  kind  depends  upon 
the  variety  and  number  of  substances  examined,  I  take  this 
opportuniw  to  request  those,  who  may  have  albnminoids  or 
proleids  of  any  kind,  to  kindly  furnish  me  with  a  sample,  in 
order  that  I  may  determine  its  osmotic  pressnre,  and  hence 
molecular  mass.  But  a  small  quantity  is  necessary,  two  or 
three  grams  sufficing. 

The  results  of  Pfeffer's  measurements  fully  confirm  tbe 
observations  made  in  my  first  paper  on  the  natnre  of  colloid 
solutions.  Since  its  publication  there  has  come  to  my  notice 
an  article  by  A.  Sabanejew,*  who  has  determined  the  lower- 
ing of  the  freezing  point  of  solutions  of  egg  albamin.  Tiie 
depression  is  indeed  slight — in  the  hundredths  of  degrees,— 
but  quite  perceptible  and  sufficient  to  enable  him  to  deduce 
the  molecular  mass  of  the  albumin — 14000.  This  proves  that 
solutions  of  colloids  as  well  as  of  crystalloids  have  a  lower 
point  of  solidification  than  the  solvent  alone,  and  hence  that 
the  difference,  if  it  exists,  is  only  one  of  degree. 

KocentJy,  too,   in   an  article  on  "Solution  and  Pseudosoln- 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

\  the  Physical  Properties  of  Fluorine. — Haviug  estab- 
le  fact  that  when  fluorine  is  free  from  hydrogen  fluoride, 
lot  attack  platinum  at  temperatures  below  100°,  Moissak 
le  use  of  containing  vessels  of  this  metal  in  order  to 
le  the  physical  constants  of  free  fluorine.  By  means  of  a 
1  bottle  of  about  100  c.  c.  capacity,  provided  with  a 
1  tube  passing  through  the  stopper  and  having  a  lateral 
ached  to  the  neck  which  could  oe  closed  by  rotating  the 
the  density  was  determined.  For  this  purpose  the  bottle 
ighing  was  filled  with  dry  nitrogen,  and  then  with  fluorine 
iacement,  the  current  being  continued  until  the  issuing 
ily  ignited  silicon.  After  a  second  weighing,  the  bottle 
erted  in  water,  the  oxygen  set  free  by  the  fluorine  was 
1  by  alkaline  pyrogallate  solution,  and  the  residual  nitro- 
.Bured.  From  the  volume  of  the  fluorine  thus  obtained, 
\  the  increase  in  the  mass  of  the  bottle,  the  density  of  the 
was  easily  found.  Four  determinations  thus  made  gave 
varying  from  1-264  to  1*270  as  compared  with  air;  the 
265  being  adopted  by  the  author.  Calling  the  atomic 
fluorine  19*05,  the  theoretical  density  is  1*314.  The  color 
ne  was  examined  in  a  platinum  tube  a  meter  long  and  of 
90  c.  c.  capacity,  having  two  lateral  tubulures  for  the  in- 
on  of  the  gas,  and  closed  at  the  ends  with  colorless  plates 
ite.  Viewed  against  a  white  surface,  the  gas  possessed 
distinct  greenish-yellow  color,  weaker  and  more  yellow 
kt  of  chlorine  under  the  same  conditions.  No.  absorption 
?ere  observed.  The  emission  spectrum  of  fluorine  was 
1  by  placing  the  gas  in  a  platinum  tube  furnished  with  a 
nbe  closed  with  a  plate  of  fluorite,  the  electrodes  at  the 
the  main  tube  being  insulated  by  the  fluorite  plates 
losed  these  ends.  Using  an  induction  coil  giving  a  10^™ 
air  and  placing  a  condenser  in  the  secondary  circuit,  the 
I  the  fluorine  was  examined  with  a  spectroscope  having 
^avy  glass  prisms.  Both  platinum  and  gold  electrodes 
ed.  With  the  former,  thirteen  lines  of  fluorine  were 
i,  of  wave-lengths  744,  740,  734,  714,  704,  691,  687*5, 
83*5,  677,  640*5,  634  and  623.  The  first  three  of  these 
'  weak,  the  last  four  are  strong.  Of  these  only  four,  of 
igths  704,  640,  634  and  623  appear  in  hydrogen  fluoride 
le  same  conditions;  while  in  silicon  fluoride,  ten  of  these 
I  phosphorus  fluoride  seven,  in  phosphoric  fluoride  six 
carbon  tetra-fluoride  the  entire  thirteen  are  visible.  No 
liquefaction  was  observed  when  fluorine  was  subjected  to 
irature  of  —95^  in  a  bath  of  solid  carbon  dioxide  and 
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methyl  chloride,  at  the  ordinary  preaanre.— ^n/i.  CAem.  J^i/l, 
VI,  xsv,  125,  Jan.,  1892.  G.  F.  a. 

2.  On  the  Expanaion  of  Chlorine  in  Violet  l,ight.—Vit 
observation  of  Bndde  in  1871  that  cblorioe  aufiers  an  expanBion 
in  volume  on  exposure  to  blae  or  violet  light,  baa  been  confirmed 
by  RicHABDBOK  who  finds  that  this  expansion  is  independent  of 
the  heating  effect  produced,  and  that  it  remains  conataDt  if  the 
light  is  iuvariable,  returning  to  ita  original  volume  when  the 
light  is  cut  off.  By  means  of  a  differential  apparatua,  coRaiatine 
of  two  glass  tubes  lO""  long  and  of  65  c.  c.  capacity,  connected 
to  a  graduated  horizontal  gauge  having  a  small  bulb  at  each  end, 
this  expansion  was  compared  with  the  intensity  of  tbe  light  u 
determnied  with  a  Bunsen  and  Roscoe  pendulum  actinometcr. 
The  gauge  and  bulbs  contained  strong  sulphuric  acid,  a  bubble 
of  air  in  the  former  serving  as  index.  When  these  tubes,  placed 
in  a  Kuitable  box  were  turned  so  as  to  face  the  sun,  it  was  foond 
that  when  they  both  contained  air,  they  were  equally  heated; 
but  that  when  one  of  tliem  was  filled  with  dry  chlorine,  the 
expansion  was  greater  upon  this  side.  When  the  index  became 
stationary  the  light-intensity  was  measured;  and  it  was  found 
that  the  change  in  the  volume  of  the  chlorine  was  very  closely 
proportional  to  the  intensity  of  the  blue  rays.  By  suspending 
such  a  differential  apparatus  on  the  beam  of  a  balance  so  that 
tbe  flow  of  acid  from  one  side  to  the  other  caused  this  beam  to 
move,  a  continuous  registering  apparatus  was  constructed  by  tbe 
author,  the  motion  of  the  beam  being  commuDioated  to  a  pen 
which  produced  a  record  on  a  revolving  drnm. — Phii.  Mag.,  V, 
xxxii,  277,  Nov.,  1891.  G.  F.  B. 

3.  On  the  Ditaociation  of  liquid  Nitrogen  peroxide. — Ostwald 
has  applied  the  generalization  of  Van  't  Hoff,  that  dissolved  sub- 
stances obey  the  same  laws  as  gases,  to  the  data  obtained  by 
Oundall  in  a  restareh  upon  the  dissociation  which  nitrogen  per- 
oxide undergoes  when  dissolved  in  chloroform;  expecting  tliai 
the  laws  of  dissociation  of  binary  compounds  such  as  this  which 
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the  mean  value  obtained  being  2*31  X  lO'*"^.  To  ascertain  whether 
at  equal  concentrations,  the  ratio  of  dissociation  is  the  same  in 
the  gaseous  and  in  the  dissolved  state,  the  author  quotes  Natan- 
son  to  the  effect  that  at  0°  and  a  pressure  of  250°™'°  ten  per  cent 
of  the  peroxide  is  dissociated.  Under  these  conditions,  the  abso- 
lute density  of  the  gas  is  ()-0014 ;  /.  e.,  it  corresponds  to  a  0*14 
per  cent  solution  of  peroxide  in  a  vacuum.  From  Cundall's  ex- 
periments it  appears  that  a  1*44  per  cent  sohition  at  0°  contains 
0*274  per  cent  of  dissociated  peroxide;  and  by  Van  't  Hoff's  law 
a  0*14  per  cent  solution  would  contain  only  about  one  per  cent  of 
dissociated  peroxide.  In  the  gaseous  state  therefore  the  dissocia- 
tion is  so  much  farther  advanced  than  it  is  in  the  chloroform 
solution,  that  to  reach  the  effect  of  a  vacuum  the  solution  must 
be  diluted  to  more  than  one  hundred  fold  the  bulk  of  the  gas. — 
J.  Chem,  SoCy  Ixi,  242,  March,  1892.  G.  p.  b. 

4.  On  a  ne\o  method  of  preparing  Carbonyl  Sulphide, — When 
earbonyl  chloride  is  passed  over  heated  cadmium  sulphide,  Nitb- 
IC8AN  has  observed  that  carbonyl  sulphide  is  formed.  The  car- 
bonyl chloride  must  be  carefully  dried  by  passing  it  through  sul- 
phuric acid,  and  the  finely  divided  cadmium  sulphide  contained 
ID  a  hard  glass  tube,  is  to  be  mixed  with  asbestos  to  increase  its 
surface.  Although  the  action  is  perceptible  even  at  ordinary 
temperatures,  the  author  found  that  the  best  results  were  ob- 
tained at  360°  to  280°.  The  gas  evolved  under  these  circum- 
stances contained  94*87  per  cent  carbonyl  sulphide,  3*98  per  cent 
carbon  monoxide  and  1*15  per  cent  air.  The  tubes  contained 
brilliant  crystals  which  on  analysis  were  found  to  be  cadmium 
chloride.  The  reaction  appears,  therefore,  to  be  a  simple  double 
decomposition  according  to  the  equation  COCIg-f  CdS  =  COS  + 
€dCl,.— ^er.  Berl.  Chem.  Ges,^  xxiv,  2967,  October,  1891. 

G.  F.  B. 

6.  On  the  Preparation  and  Properties  of  CcBslinn. — Beketofp 
has  observed  that  caesium  is  readily  prepared  by  the  action  of  alumi- 
num upon  its  hydroxide.  On  heating  114  grams  of  the  hydroxide 
with  27  grams  of  aluminum  in  a  nickel  retort  and  collecting  the 
distilled  metal  in  glass  receivers,  he  obtained  25  grams  of  the 
metal.  Its  heat  of  combination  with  water  was  found  to  be  from 
60  to  52  calories.  Cajsium  hydroxide  was  prepared  by  precipita- 
ting pure  sulphate  with  barium  hydroxide  and  concentrating  the 
filtrate  in  a  silver  dish  placed  a  metal  retort.  On  fusion,  the  dish 
was  slightly  attacked.  It  has  a  density  of  4*0178  and  a  molecular 
volume  of  37*3.  Its  heat  of  solution  in  water  is  15876,  which  is 
higher  than  that  of  the  other  alkali  hydroxides.  Its  heat  of  neu- 
tralization with  hydrogen  chloride  is  13790. — Bull.  Acad.  St, 
Petersbourg,  II,  ii,  169, 171 ;  J.  Chem.  Soc,  Ixii,  274,  March,  1892. 

G.  F.  B. 

6.  On  the  Color  of  Cobalt-Solutions, — Etabd  has  shown  that 
the  solubility-curves  both  of  cobaltous  chloride  and  cobaltous 
iodide  consist  of  two  portions  intersecting  at  about  the  point 
where  with  increasing  concentration  the  color  chane^es.     Hence 
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he  concludes  that  they  belong  to  two  different  hydrates.  More- 
over, Charpt  6nd3  that  the  vapor- pressure  curve  for  a  33  p«r 
cent  oobakous  cliloride  solution  also  consists  of  two  portioos,  the 
oue  belonging  to  the  red  solution  extending  to  about  40°,  while 
that  of  the  blue  solution  begins  at  about  70°. —  C  It.,  criii, 
699,  794,  Nov.,  1891.  a.  r.  b. 

7.  A  method  of  showiitg  Electrical  Wave*. — Lecher  fau 
studied  electric  waves  by  mt^antt  of  a  Oeissler  tube  which  is 
slipped  aloni;  between  parallel  wires  which  are  connected  with 
condenser  plates.  At  certain  points  the  Geissler  tube  glows,  sod 
at  nodal  poinls  it  remains  dark.  L.  AronB  encloses  a  portion  of 
the  paralltl  wires,  employed  by  Lecher,  in  a  long  vacaum  tube  of 
about  350'^°'  with  a  diameter  of  6™.  When  the  tube  is  exhausted 
to  about  10""°  pressure,  it  is  filled  with  light  and  dark  spacer, 
which  indicate  electric  waves.  Thebc  waves  are  produced  when 
there  is  a  certain  relation  between  the  capacity  of  the  condenser 
and  the  self  induction  of  the  wires. — Ann.  der  Phytik  andChemie, 
No.  3,  1892,  pp.  553-569.  J.  T. 

8.  PermantHt  Magnetic  Field. — W.  Hibbbbt  points  out  the 
use  of  a  permanent  magnetic  field  for  various  magnetic  uieaanre- 
roents,  and  gives  the  result  of  a  peculiar  arrangement  which  he 
has  employed  and  which  he  recommends  for  testing  purposes.  A 
straight  bar  magnet  is  supplied  at  one  end  with  a  hemispherical  pole- 

tiiecc  of  soft  iron,  at  the  other  end  a  soft  iron  disc  is  screwed  wliich 
orms  the  cover  of  the  hemispherical  bowt,  A  circular  air  space 
of  y'j  of  an  inch  wide  separates  the  cover  of  the  bowl  from  its 
edges.  A  helix  of  wire  surrounds  the  straight  steel  bar  magnet  in 
the  interior  of  the  bowl.  By  means  of  this  helix  the  bar  can  be 
magnetized  to  any  strength  desired.  A  little  coil  of  fine  wire 
can  be  quickly  thrust  through  the  air  space  of  ^  of  an  inch  which 
intervciica  between  tlic  top  of  the  bowl  and  its  edges,  thus  cut- 
ting lines  of  force  in  a  permanent  magnetic  field.  Mr.  Uibbert 
gives  some  figures  which  show  the  great  constancy  of  this  appara- 
tus.    Tlii'ic  is  iiDicllfally  iio  evidonci^  of  magnolic  decay  in  seven 
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flented  by  Dw'/V.'  The  outstanding  relative  retardation  is  thus 
only  Di>7  V  instead  of  the  double  of  that  quantity.  Accepting  this 
correction  we  have  to  expect,  according  to  Fresnel's  views,  a 
shift  of  only  '024  of  a  band  in  Michelson's  experiment.  Under 
these  circumstances  Michelson's  results  can  hardly  be  regarded  as 
weighing  heavily  in  the  scale.  It  is  much  to  be  wished  that  the 
experiment  should  be  repeated  with  such  improvement  as  experi- 
ence suggests.  In  observations  spread  over  a  year,  the  eft'ects,  if 
any  due  to  the  earth's  motion  through  space  would  be  separated. 
On  the  whole,  Fresnel's  hypothesis  of  a  stationary  ether  appears 
at  the  present  time  the  more  probable,  but  the  question  must  be 
considered  to  be  an  open  one." — Nature^  March  24,  1892.     j.  t. 

11.  Kirchhoff^B  Law  and  the  radiatioii  of  Gases, — KirchhoflTs 
law  is  the  theoretical  fundamental  law  for  the  spectrum  analysis 
of  stars.  It  states  that  bodies  emitting  light  absorb  light  of  that 
wave  length  for  which  their  emission  spectrum  shows  a  maximum. 
£.  Pringsheim  draws  attention  in  an  exhaustive  article  to  the 
fact  that  the  spectra  of  gases  are  generally  studied  by  means  of 
electrical  discharges  in  Geissler  tubes  and  that  we  have  no  direct 
evidence  that  mere  increase  in  temperature  suffices  to  make  a  gas 
glow.  W.  Siemens  says  in  regard  to  this  point :  "  To  my  knowl- 
edge investigations  upon  the  question  whether  pure  gases  raised 
to  a  high  temperature  emit  light  rays  have  not  been  made." 
Siemens  has  shown  that  oxygen,  carbonic  acid,  nitrogen  and 
hydrogen,  do  not  emit  light  rays  even  when  heated  to  1 500®  C. 

Pringsheim  therefore  sets  himself  to  determine  : 

1.  Have  gases  the  power  to  emit  light  merely  from  high  temper- 
ature. 

2.  Can  we  form  gaseous  sources  of  light,  which  satisfy  the 
conditions  of  Kirch hofPs  law. 

The  conclusions  he  arrives  at  after  much  experimental  work 
are  the  following  : 

1.  There  is  no  gaseous  source  of  light  which  satisfies  Kirchhoff's 
law. 

2.  Glowing  gases,  the  temperature  of  which  is  below  150°  C. 
can  be  obtained  (cold  flames). 

3.  The  salts  of  sodium  glow  in  flames  only  by  means  of  chem- 
ical processes  (reduction). 

4.  Metallic  sodium  heated  in  neutral  gases,  glows  only  from  a 
chemical  process. 

5.  The  hypothesis  that  gas  merely  through  rise  in  temperature 
can  be  made  luminous,  can  be  supported  neither  experimentally 
or  theoretically. — Ann,  der  Physik  und  C/iemie,  No.  3,  1892,  pp. 
428-459.  J.  T. 

IL     Geology  and  Natural  History. 

1.  Note  on  the  distribution  of  the  iipturned  Cretaceous  beds 
of  British  Americay  by  Dr.  George  M.  Dawson.  (Editorial 
Corre8poDdence.)-^To  the  north  of  the  International  Boundary 
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on  the  49th  parallel,  the  Cordillenn  belt  consists  of  fourmonnuiD 
systems,  known,  from  northeast  to  soathweat,  as  the  Rocky 
Moatitains  proper,  the  Gold  Range,  the  Coast  Range,  and  the 
Vancouver  Range,  the  last  named  being  represented  in  a  par- 
tially submerged  form  in  Vancouver  and  the  Qaeon  Charlotte 
lalandfi. 

This  foarfold  division  does  not  continue  in  a  definite  manner  u 
far  as  the  60th  parallel,  and  still  farther  northward  the  rangn 
completing  the  Cordillera  become  even  more  diflfuse  and  irregular. 
There  is,  however,  throughout,  and  as  far  as  the  Arctio  Ocean,  an 
easterly  bordering  range,  which  though  not  entirely  continnoas, 
is  homogeneous  in  general  structure  and  is  apparently  identical 
in  respect  to  the  period  of  its  main  elevation,  which  must  have 
occurred  at  a  time  immediately  succeeding  the  f^ramie. 

This  outer  system  is  known  as  the  Rocky  Moantain  Range 
proper.  It  has  been  most  carefully  examined  in  that  portion  of 
its  length  included  between  the  parallels  of  49°  and  51"  30'  and 
particularly  along  the  transverse  line  of  the  Bow  River  Pas*, 
near  the  northern  of  the  above  limiting  parallels.  In  this  region 
the  Cretaceous  rocks,  including  the  Laramie,  have  participated  in 
the  general  upturning  of  the  older  strata,  which  has  resulted  is 
the  definition  of  this  system  of  mountains;  and  the  Cretaceous 
rocks  arc  often  very  violently  flexed  and  disturbed  and  occi- 
si  on  ally  overturned. 

Following  the  same  mountain  system  to  the  northwestward,  the 
still  unconnected  observations  made  in  the  vicinity  of  the  Peace 
River,  Liard  River  and  again  to  the  westward  of  the  Mackenzie 
delta  near  the  Arctic  Ucean,  show  that  the  Cretaceous  rocks 
have  in  all  cases  participated  iu  the  general  uplift  and  disturbance, 
though  in  none  of  these  places  has  the  Laramie  actually  been 
recognized  as  a  member  of  the  folded  strata.  In  the  most 
northern  and  last-mentioned  line  of  section,  the  Rocky  Mountains 
are  indeed  almost  entirely  represented  by  flexed  Cretaceons  rocka 

"    ween  the  Rocky  Mountain  Range  proper  and  the  Pacific 


Geology  and  Naiv/ral  History,  485 

On  the  seaward  side  of  the  Coast  Ranges,  the  Cretaceous  rocks, 
where  they  occur,  are  found  likewise  to  have  participated,  to  a 
considerable  degree  at  least,  in  an  upturning  of  the  older  strata ; 
and  on  the  inner  side  of  Vancouver  Island  some  of  these  rocks  are 
probably  of  a  date  as  recent  as  that  of  the  typical  Laramie. 

2.  Preliminary  Report  on  the  Coal-deposits  of  Missouri  from 
field  work  in  1890  and  1891,  by  Arthur  Winslow,  State  Geolo- 
gist. 226  pp.  with  a  map  of  the  area  of  the  coal  measures  and 
many  wood-cut  illustrations. — The  area  occupies  the  western  and 
northwestern  parts  of  the  State  and  covers  about  23,000  square 
miles.  The  rocks  are  sandstones  and  shales  of  various  colors,  the 
shales  predominating,  and  they  are  horizontal  or  nearly  so.  The 
maximum  thickness  of  the  measures  is  1900  feet.  The  coal  beds 
are  thin,  and  about  a  fourth  of  the  annual  Missouri  supply, 
which  amounted  in  1891  to  about  2,680,000  tons,  comes  from 
those  that  are  not  more  than  two  feet  thick.  The  Report  treats 
of  the  origin  of  the  coal  measures  and  the  special  characters  of 
the  Missouri  coal,  and  gives  detailed  descriptions  of  the  beds 
that  are  worked. 

3.  Baltimore^  with  an  account  of  the  Geology  of  its  environs, 
140  pp.  12mo,  with  three  maps  and  other  illustrations.  Pre- 
pared by  the  Local  Committee  of  the  American  Institute  of  Min- 
ing Engineers,  Baltimore  meeting,  February,  1 892. — Nearly  one- 
half  of  this  little  volume  treats  of  the  geology  of  the  vicinity  of 
Baltimore  :  the  part  on  the  crystalline  rocks  and  their  products 
is  by  Prof.  George  H.  Williams  of  Johns  Hopkins  University, 
and  that  on  the  sedimentary  rocks,  by  N.  H.  Darton,  of  the 
U.  S.  Geological  Survey. 

The  broad  belt  or  plateau  of  crystalline  rocks,  lying  to  the 
eastward  of  the  Appalachians, — the  Piedmont  plateau,  as  it  has 
been  called — is  described  by  Prof.  Williams  as  consisting  of  an 
eastern  belt  made  up  mainly  of  highly  crystalline  rocks  and  a 
western  of  semi-crystalline  rocks.  Of  the  latter  it  is  stated  there 
is  reason  to  believe  that  they  will  yet  afford  fossils  and  have  their 
age  determined  thereby.  Small  areas  of  the  latter  rocks  occur 
also  among  the  former.  The  conclusion  reached  with  regard  to 
the  origin  of  the  rocks  is  that  the  eastern  rocks  are  in  the  main 
the  older,  and  that  over  a  floor  consisting  of  such  rocks,  the  beds 
of  the  western  were  deposited.  The  upturning  and  metamorph- 
ism  of  the  latter  are  referred  with  a  query  to  the  time  of  the 
Appalachian  mountain-making,  but  without  mentioning  evidence. 
The  eastern  lie  within  the  range  of  the  Archaean  A])palachian  pro- 
taxis.  They  include  gabbro,  both  massive  and  schistose,  pyrox- 
enyte  and  peridotyte  (rocks  without  any  feldspar),  with  their 
alteration  products,  serpentine  and  steatite,  granite,  gneiss,  crys- 
talline limestone  and  quartzytic  schist.  All  the  massive  rocks 
are  made  eruptive.  Both  the  granite  and  gneiss  contain  coarse 
granite  veins  (pegmatyte),  and,  on  very  doubtful  evidence,  those 
m  the  granite  are  believed  to  be  eruptive.  Mr.  Darton's  contri- 
bution occupies  15  pages  and  treats   of  the  formations  of  the 
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coastal  plain.  Two  colored  geological  maps,  by  the  17.  S.  Geo- 
logical Survey,  based  partly  on  Mr.  Darton's  work,  aocomptnj 
the  volume. 

4.  Aniiuaire  Oiologique  Vnivergei:  Revue  de  OiologU  tt 
Paleontoloffie,  dirig^e  par  Dr.  L.  Cabez  et  H.  DouTiLLk — The 
second  and  third  parts  of  this  very  valuable  Geological  Annul, 
for  the  year  1690,  have  been  published. 

5,  Supplementary  Appendix  to  Travels-  amongel  the  Great 
Andes  of  the  Equator,  by  Edwabd  Whtmpke.  147  pp.  e»o, 
London,  1891,  (John  Murray,)^ — This  Zoological  appendix  to  Mr. 
Whymper's  great  work,  contains  contributions  tVom  fourteen 
zoologists,  and  four  pages  on  the  rocks  by  Prof.  Bonney.  The 
figures  of  insects  are  admirable.  The  highest  flying  batterfl; 
and  (with  the  exception  of  three  or  four  beetles)  the  highest  insect 
of  any  kind  obtained,  barring  stragglers,  is  a  Colias,  described  bj 
MesBit).  Godman  and  Salvia  as  C.  alticola;  it  is  the  same  species 
that  was  seen  by  Humboldt  and  Bonpland.  It  was  collected  at 
heights  between  13,000  and  18,000  (eet,  and  was  observed  still 
higher,  or  above  the  mean  snow-line,  which  is  about  16,000  feet 
in  Ecuador.  The  Siluroid  fish,  Pimelodtte  (  Cyctopium)  cyelopvm 
of  Humboldl's  Travels,  and  afterward  described  under  half  k 
dozen  different  names,  was  found  to  be  of  one  species  by  Dr.  F. 
Day,  confirming  thus  the  view  expressed  by  Dr.  Putnam  in  tbe 
American  Naturalist,  for  1871,  p.  694.  Five  figures  are  given 
of  it. 

Prof.  Bonney  states  that  the  specimens  examined  by  him  of  the 
'  rocks  of  the  volcanic  mountains  of  the  Western  Andes,  Cotocacbi, 
Rue  u -Pi  chinch  a,  Corazon,  Carihuaii-azo,  Chimborazo  and  of  tbe 
Eastern  Andes,  Cayambe,  Antisana,  Sincholagna,  Cotopaxi  ami 
Altar  were  augite-andcsytes  containing  more  or  less  hypersthene  ; 
those  of  Pichincha,  horn  blende-andesy  te,  with  micaceous  andesyte 
at  summit;  oflliniza,  hornblendic  angite-andesite,  and  the  same 
for  mnch  of  the  Cayambe  rock. 

'ii<l    ]irinciples    which     accompany    chlorophyli  i 
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neighbors.  It  becomes  transformed  directly  into  the  embryonal 
sac.  From  the  point  of  view  of  physiology,  this  ovule  behaves 
nearly  like  ordinary  ones,  but  examined  from  the  point  of  view 
of  morphology,  it  is  wholly  different  from  them,  since  it  never 
has  any  true  integument.     It  is  absolutely  naked. 

In  a  subsequent  paper,  the  author  considers  the  fact  of  poly- 
embryony  in  this  plant.  This  phenomenon  has  recently  excited 
considerable  interest  from  the  discovery  of  its  occurrence  in  cer- 
tain Leguminous  plants  (Guignard,  Ann.  Sc.  nat.  6  ser.,  t.  XII, 
p.  35),  in  Iris  Sibirica  (Dodel,  1891,  Zurich),  and  in  Liliuni 
Martagon  (Overton,  same  date).  The  author  is  satisfied  that 
the  multiple  impregnation  in  the  case  observed  by  him,  was  due 
to  the  division  of  the  pollinic  nucleus  after  its  passage  into  the 
embryonal  sac.  lie  regards  this  as  indicating  that  the  pollen- 
grain  of  Vincetoxicum  is  comparable  to  a  single  antheridium 
producing  the  equivalents  of  antherozoids,  here  two  or  more 
generative  nuclei.  The  author  calls  attention  to  the  relations 
which  this  subject  bears  to  the  accepted  notion  as  to  the  part 
played  by  the  synergides.  He  points  out  also  the  greater  sym- 
metry of  development  of  the  embryos  when  there  is  only  one 
present  in  the  embryonal  sac,  and  suggests  that  the  suppression 
of  poly  embryony  is  on  the  direct  line  to  the  more  perfect  devel- 
opment of  the  species.  g.  l.  g. 

8.  Researches  regarding  the  effect  of  leaf-removal  in  the  case 
of  grape  vines,  A.  Muntz  (C.  R.  1892,  Feb.  22.)— The  author 
has  sought  to  ascertain  whether  the  practice  of  removing  the 
leaves  of  the  grape-vine  just  before  the  ripening  of  the  grapes,  is 
warranted  by  the  results.  His  observations  were  made  at  Verg- 
nes  and  Beaulieu,  (Gironde),  a  district  where  this  practice  has 
been  in  vogue  from  time  immemorial,  and  where  it  is  regarded 
as  indispensable  to  the  proper  ripening  of  the  fruit.  In  general, 
his  experiments  show  that  defoliation  is  not  followed  by  favor- 
able results  when  the  season  is  dry  (like  that  of  last  autumn). 
It  may  be  remembered  that  experiments  by  others  have  given 
conflicting  results.  In  view  of  this  M.  Muntz  inclines  to  hold  his 
judgment  in  suspense  as  regards  wet  seasons,  at  least. 

Among  his  incidental  results  are  some  which  are  truly  surpris- 
ing as  to  the  elevation  of  temperature  of  the  fruits  exposed  to  the 
direct  rays  of  the  sun.  But  this  elevation  is  not  associated  with 
a  commensurate  increase  in  the  amount  of  sugar.  In  some 
instances  there  is  no  increase;  there  is  on  the  other  hand,  a  fall- 
ing off  in  the  amount  of  acidity.  Pasteur  has  noted  the  latter 
fact  with  regard  to  wine  placed  in  direct  sunlight.  g.  l.  g. 

.  9.  The  Italian  botanical  Society  invites  the  botanists  of  every 
nationality  to  a  general  assembly  in  Genoa  in  order  to  communi- 
cate and  to  discuss  the  latest  discoveries  and  new  ideas  and  to 
increase  good  feeUng  amongst  scientific  men. 

This  Botanical  International  Congress  will  be  held  in  Genoa 
from  the  4th  to  the  11th  of  September  this  year  1892. 
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Nearer  the  time  fiied  a  paper  will  be  sent  to  botanists  to  which 
those  wiRliin};  to  attend  will  sign  their  iismeB;  at  the  same  time 
they  will  receive  a  detailed  program  of  the  projected  meetiD|» 
as  well  as  of  the  public  cxciirHions  and  festivities  offered  bj  the 
Municipality  of  Genoa  to  their  visitors;  the  Italian  Botanical 
Society  will  also  offer  its  colleagues  varioas  excursions  or  the 
shores  of  the  Mediterranean  and  in  the  Maritime  Alps. 

At  the  timi!  of  the  Congress  will  also  take  place  the  inaugn- 
ration  of  the  new  botanical  institute  built  and  presented  to  the 
University  of  Genoa  by  the  munificence  of  the  Comm.  Thomv 
Hanbury,  as  also  the  opening  of  an  exhibition  of  Horticultarc, 
and  of  products  exchangeable  between  America  and  Italy. 

Italian  botanists  cordially  invite  their  colleagues  of  everj 
nation  in  order  that  their  presence  may  render  this  Congress 
more  important,  and  give  it  an  essentially  cosmopolitan  character, 
for  above  all  things  it  aims  at  strengthening  by  the  powerful  iu- 
Huenue  of  science  the  bonds  of  fraternity  between  nations. 

All  enquiries  and  communications  concerning  the  botanical 
congress  should  be  addrc^d  to  I'rofessor  O.  pENZUi,  R.  Uni- 
versity, Genoa. 

III.   Miscellaneous  Scientific  Intelligesce- 

1.  Latitude  Observations  at  Waikiki,  on  the  iaUmd  of  Oahi, 
Haxoaiiun  Islands. — A  recent  number  of  the  Hawaiian  Gaiette 
(March  8,  1802),  contains  the  following  account  of  the  Latitude 
observations*  now  being  carried  on  at  Waikiki,  The  account  i< 
by  Mr.  E.  D.  Preston,  of  the  U.  S.  Coast  Survey,  who  is  associated 
in  the  work  with  Dr.  Marcuse  of  Berlin. 

The  latitude  observations  now  going  on  at  Waikiki  were  under- 
taken for  the  purpuse  of  making  a  more  exhaustive  study  of  tlic 
motion  of  the  earth's  axis.  German  astronomers  bad  reccntk 
detected  a  now  movement  of  the  pole  from  independent  observa- 
tions at  several  of  their  observatories,  and  in  order  to  test  cer- 
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that  there  is  a  secular  change  extending  over  a  period  of  at  least 
sixty  years. 

It  is  evident  that  if  observations  on  opposite  sides  of  the  earth 
show  opposite  phases,  that  is  to  say,  if  the  Hawaiian  Islands  ap- 
proach the  equator  at  the  same  time  that  places  in  Europe  recede 
from  it,  there  is  a  strong  presumption  that  the  phenomenon  is  not 
a  purely  local  one,  but  results  from  a  real  motion  of  the  pole,  af- 
fecting all  places  on  the  earth's  surface.  Indeed  this  latter  fact 
now  seems  to  be  conclusively  demonstrated  from  the  observations 
up  to  date. 

The  method  of  work  consists  in  observing,  on  every  clear  night, 
a  list  of  stars  in  pairs  whose  positions  are  very  well  known;  pref- 
erence being  given,  other  things  being  equal,  to  ones  that  were 
observed  in  England  more  than  one  hundred  years  ago,  and 
whose  motion  since  that  time  is  therefore  well  determined.  The 
stars,  as  far  as  they  relate  to  the  latitude  work,  were  adopted  in 
Berlin,  and  their  selection  was  made  the  subject  of  careful  study. 
In  order  to  get  the  best  possible  result,  certain  relations  must 
exist  between  the  stars  chosen,  and  this  complicates  the  problem 
and  makes  their  selection  correspondingly  difficult.  For  instance, 
in  order  that  refraction  ma^  be  small,  nothing  is  taken  beyond, 
say,  25  degrees  from  the  zenith.  In  order  that  the  image  of  the 
star  be  fine  and  well  defined,  only  faint  stars  are  admitted ;  and 
stars  composing  the  same  pair  must  be  of  about  the  same  magni- 
tude. Besides,  if  there  is  a  certain  relation  between  the  distances 
of  the  stars  from  the  zenith,  the  result  is  entirely  free  from  any 
effect  arising  from  an  imperfect  knowledge  of  the  measuring  appa- 
ratus. It  is  very  desirable  for  several  reasons  to  eliminate  this 
effect.  Then,  again,  the  stars  must  not  succeed  each  other  too 
rapidly,  in  order  that  the  measurements  be  carefully  and  deliber- 
ately made,  nor  on  the  other  hand  must  they  be  too  far  apart. 
All  these  conditions  should  be  satisfied  at  the  same  time,  as  far 
as  practicable,  which  makes  the  selection  of  a  perfect  list  of  stars 
a  somewhat  tedious  operation. 

The  great  degree  of  refinement  to  which  observations  of  this 
class  are  now  brought,  may  be  judged  from  the  fact  that  although 
the  observatories  at  Waikiki  are  only  about  thirty  feet  apart,  this 
distance  has  a  very  perceptible  effect  on  the  result,  aiul  the  obser- 
vations continually  show  a  difference  of  just  this  amount  in  the 
determined  latitudes.  However,  for  the  study  of  the  law  of 
change  of  latitude,  this  is  of  no  moment,  for  whatever  the  relative 
position  of  the  points  of  observation  they  both  change  equally  and 
verify  the  same  law.  The  method  employed,  which  is  known  as 
that  of  equal  zenith  distances,  was  first  practically  developed  in 
the  United  States  Coast  Survey  and  is  now  universally  adopted 
in  work  of  this  kind. 

When  the  government  at  Washington  was  asked  to  cooperate 
in  the  Honolulu  observations,  it  was  seen  that  the  occasion  would 
be  a  favorable  one  for  the  study  of  several  kindred  subjects  and 
the  American  representative  in  addition  to  the  international  lati- 
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tude  work  wae  charged  with  researches  in  gravity,  m^netim, 
meteorology,  etc.  One  of  the  theories  proposed  to  explain  the 
changeB  of  latitude  was  that  of  tranttfers  of  large  masses  of  molten 
matter  in  the  earth's  interioi'.  In  order  to  teat  this  it  was  decided 
to  measure  the  force  of  gravity  every  night  that  latitude  obseiTa- 
tions  are  made,  and  this  is  now  being  done  at  Waikiki  with  id 
accuracy  capable  of  detecting  changes  no  greater  than  the  one 
hundred  thousandth  part  of  the  quantity  moosared.  Practicallj 
slated  we  may  say  that  a  body  tailing  toward  the  earth  passet 
over  about  sixteen  feet  in  one  second;  if  from  some  unknown 
canse  the  force  of  gravity  should  change  so  as  to  increase  this 
distance  by  only  one-five  hundredth  of  an  inch,  this  slight  increase 
would  be  easily  detected  by  the  methods  employed. 

To  arrivcat  these  results  it  is  necessary  to  have  a  very  accurate 
means  of  measuring  time.  This  is  done  by  referring  all  compari' 
sons  to  the  movement  of  the  stars  whose  passages  across  tbe 
moridiiin  are  registered  electrically  on  a  revolving  cylinder.  A 
button  is  pressed  when  the  star  crosses  a  spider-thread  stretched 
vertically  through  the  field  of  tbe  telescope,  and  instantly  the  fact 
is  registered  on  the  chronograph.  The  exact  moment  of  transit 
can  easily  be  known  to  within  one-bund i-cdth  of  a  second.  Dur- 
ing the  entire  evening  a  pendulum  is  allowed  to  oscillate  utidcr 
the  influence  of  the  force  of  gravity.  Means  are  used  by  which 
the  duration  of  one  vibration  may  be  known  with  no  groatpr 
error  than  a  few  millionths  of  a  second.  The  gravity  inveslig>- 
tions  are  made  for  the  snke  of  discovering  whether  there  is  aiiv 
change  in  the  force  from  day  to  day,  and  not  for  the  purpose  of 
knowing  what  the  actual  force  is ;  in  other  words,  the  question  i* 
not  how  far  a  body  will  fall  in  a  second,  but  whether  it  falls 
faster  at  one  time  than  at  another. 

The  methods  followed  are  simitar  to  those  employed  on  Hulea- 
kala  in  18S7,  which  gave  such  conclusive  evidence  in  reganl  lo 
the  formation  of  Maui,  and  which  bore  out  Prof,  Dana's  geologi- 
cal theories.     Tlie  same  opei;ilions  will  be  conducted   ncxi  suiq- 
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2.  national  Academy  of  Scieiices. — The  following  is  a  list  of 
the  papers  entered  to  be  read  at  the  meeting  of  the  Academy 
held  in  Washington,  April  19-22. 

G.  K.  Gilbert:  An  American  Maar. 

R.  S.  WooDWAFD :  The  forni  and  efficiency  of  the  iced-bar  base  apparatus  of 
the  U.  S.  Coast  and  Geodetic  Survey. 

C.  Abbe:  On  atmospheric  radiation  of  heat  in  Meteorology.  The  astronomical. 
geodetic  and  electric  consequences  of  tidal  strains  within  an  elastic  terrestrial 
spheroid.  Biographical  memoir  of  William  Ferrel.  Biographical  memoir  of  J. 
Homer  Lane. 

F.  H.  BiGELOW:  On  the  deflecting  forces  that  produce  the  diurnal  variation  of 
the  normal  terrestrial  magnetic  field. 

C.  A.  ScHOTT:  Abstract  of  results  from  the  IT.  S.  Coast  and  Geodetic  Survey 
Magnetic  Observatory  at  IjOS  Angeles,  Cal.,  1S82-1880.  part  III.  Differential 
Measures  of  the  horizontal  component  of  the  magnetic  force. 

A.  S.  Packard:  On  the  anatomy  and  systematic  position  of  the  Mccoptora. 

S.  C.  Chandlek:  On  the  laws  of  the  variation  of  latitude.  On  the  causes  of 
Fariations  of  period  in  the  variable  stars. 

T.  C.  Mexdenhall:  On  the  force  of  gravity  at  Washington.  On  the  recent 
yariations  of  latitude  at  W^ashington. 

A.  M.  Meyer:  On  the  acoustic  properties  of  aluminum,  with  experimental 
illustrations.  Exhibition  of  Chladni's  acoustic  figures  transferred  to  pajxir  with- 
out distortion. 

M.  Caret  Lka  :  Disruption  of  the  silver  haloid  molecule  by  mechanical  force. 

E.  D.  Cope  :  On  the  homologies  of  the  cranial  arches  oi  the  Reptilia.  On  the 
osteology  of  the  genus  Anniella^ 

K.  S.  Morse:  Asiatic  influences  in  Kurope. 

M.  I.  PuPiN:  On  electrical  discharges  through  poor  vacua,  and  on  coronoidal 
discharges. 
J.  W.  Powell:  A  definition  of  Institutions. 
Theo.  (jiLL:  The  partition  of  tlie  North  American  Koalm. 

F.  W.  Putnam:  Exhibition  of  teeth  of  a  gigantic  bear,  probably  an  extinct 
species,  found  in  ancient  mounds  in  Ohio. 

J;  Homer  Lane:  A  means  of  measuring  the  difference  between  the  tidal 
change  in  the  direction  of  the  plumb  line  and  the  tidal  deflection  of  the  Earth's 
crust.     (A  posthumous  paper  read  by  C.  Abbe.) 

OBITUARY. 

Sereno  Watson. — The  distinguished  botanist,  Serene  Watson, 
died  at  his  home  in  Cambridge,  Massachusetts,  on  the  9th  of 
March.  His  career  was  a  somewhat  remarkable  one  because  of 
the  long  period  and  varied  discouragements  during  his  early  life 
before  his  distinctively  botanical  career  began,  and  its  contrast 
with  the  eminence  he  at  last  attained  in  this  science.  Mr. 
Watson  was  one  of  a  large  family  of  children,  and  was  born  at 
East  Windsor  Hill,  Connecticut,  December  1st,  1S20.  He  grad- 
aated  at  Yale  in  the  largest  class  up  to  that  date,  and  which  has 
given  to  American  botany  two  other  earnest  students,  Professor 
Henry  Griswold  Jessup  of  Dartmouth  Colleixc,  and  John  Donnell 
Smith  of  Haltimore,  the  latter  widely  known  for  his  investiga- 
tions of  the  flora  of  Guatemala.  He  entered  college  the  third 
term  of  freshman  year  in  the  spring  of  1844.  In(iuiry  among  his 
classmates  shows  that  be  was  so  retiring  and  reticent  that  they 
remember  little  about  bis  college  life  other  than  that  he  was  of 
gentle  and  retiring  disposition,  a  diligent  student,  and  that  he 
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took  prizes  in  Latin  composition  and  Latin  tranalation.  Afur 
graduating  he  taugfat  school,  first  in  Scantic,  Conn.,  and  then  oo 
Lon^  leland,  and  later  in  Rhode  Island.  While  at  Scantic  be 
studied  medicine  two  months  with  Dr.  Watson  of  that  place  tnd 
again  in  the  summer  of  1S49  with  Dr.  Sill  of  Windsor,  and  tk 
next  winter,  attended  lectures  on  medicine  at  the  New  York: 
University.  He  lelt  there  in  the  spring  of  1S50  with,  as  hcwrilu 
a  friend,  a  diminished  respect  for  medical  practitioners,  bat  n-ith 
a  high  respect  for  the  Bcience.  We  next  hear  of  him  as  leaching 
school  in  Allentown,  Pa.,  and  then  in  Tarrytown,  N.  Y.  His 
diffidence  made  this  work  very  nncongeniai  to  him,  and  no  ooe 
was  more  conscious  of  this  than  himself. 

(ii  18.i2  his  uncle,  the  Rev.  Dr.  Julius  A.  Reed  of  DaveupoTi, 
Iowa,  one  of  the  founders  and  Trustees  of  Iowa  College,  invited 
him  to  that  institution,  where  he  remained  as  tutor  two  years. 
Before  he  had  gone  to  Iowa,  an  elder  brother,  Dr.  Louis  Watson, 
a  physician  in  practice  in  Quincy,  111.,  had  Invited  him  to  stadv 
in  his  office  and  enter  practice  there.  He  went  there  in  JuIt, 
1 854,  studied  witli  his  brother,  practiced  medicine  to  some  exteot, 
nud  handled  his  cases  well.  But  the  practice  was  probably  di^ 
tasteful  to  bim,  for  he  gave  it  up  in  1856,  much  to  the  regret  of 
some  of  his  patients.  He  then  went  to  Greensboro,  Ala.,  a.« 
Secretary  of  the  Planters'  Insurance  Company  of  which  hU 
brother  Ilenry  Watson  was  PresidenL  He  remained  there  until 
.ifter  the  war  broke  out  iu  1861,  and  then  came  North  and  wa$ 
engaged  with  Dr.  Ilenry  Barnard  of  Hartford  in  literary  work, 
chiefly  on  the  Journal  of  Education.  When  Dr.  Barnard  weni 
to  Washington  as  Commissioner  of  Education  this  service  ceaseJ, 
and  in  January,  1860,  Mr.  Walson  entered  the  Sheffield  ScienliGc 
School  of  Yale  and  pursued  the  studies  of  chemistry  and  min- 
eralogy until  the  close  of  that  college  year  and  returned  for  a 
short  time  in  the  autumn.  Here  he  worked  ver;^  diligently  in  Lis 
scientific  studies,  but  held  little  intercourse  with  his  fellow  stu- 
dents.     Botany  formed  no  part  of  his  instruction  while  berc 


MisceUa/neovs  Intelligence.  443 

road  he  set  out  alone  and  on  foot,  crossed  the  Sierra  Nevada  and 
found  his  way  to  the  camp  of  the  party,  which  was  then  on  the 
Truckee  River  below  the  present  town  of  Wadsworth.  The 
trip  had  been  a  hard  one,  and  he  was  unused  to  mountains  and 
deserts.  He  reached  the  camp  weary,  dust  covered,  and  so  foot- 
sore with  his  hard  tramp  that  he  carried  his  heavy  boots  with  his 
laggase  over  his  shoulder.  The  camp  men  were  struck  with  his 
condition  as  he  inquired  for  Mr.  King,  and  he  in  turn  was  taken 
aback  by  the  very  youthful  appearance  of  thj3  commander  of  the 
party.  He  brought  a  letter  of  introduction  from  Dr.  Barnard, 
whom  Mr.  King  had  known  in  Hartford,  and  was  so  earnestly 
anxious  to  join  the  expedition  that  he  offered  to  accept  any  posi- 
tion the  camp  offered  if  there  was  no  scientific  work  for  him.  He 
was  encaged  to  assist  in  topography,  observe  the  barometer  and 
make  himself  useful  as  he  could,  at  tirst  on  a  mere  nominal  salary. 
Mr.  W.  W.  Bailey  was  the  botanist  of  the  expedition,  but  he  was 
already  weakened  by  fever  and  could  illy  stand  the  hardships  of 
colleoting  in  a  desert  region.  Watson  began  to  collect  plants 
immediately  in  connection  with  his  topographical  work.  He  had 
a  general  knowledge  of  botany,  probably  picked  up  years  before 
while  studying  medicine,  but  the  plants  of  that  desert  region 
were  all  new  to  him,  and  excited  his  intense  interest.  His  untir- 
ing diligence,  his  keen  observation  of  plants,  his  cheerful  endur- 
ance of  the  discomforts  and  hardships  of  desert  campaigning 
soon  gave  evidence  of  his  scientific  zeal,  and  personally  endeared 
him  to  the  whole  camp,  and  when  finally,  before  the  close  of  that 
season,  Mr.  Bailey  succumbed  to  the  hardships  of  the  work,  Mr. 
Watson  was  chosen  to  succeed  him. 

That  season  and  the  following  winter  was  spent  in  the  western 
part  of  the  Basin  and  the  summer  of  1868  in  the  Humboldt  moun- 
tains and  other  parts  of  eastern  Nevada.  The  next  winter  he 
spent  at  New  Haven  in  the  Herbarium  of  Professor  Eaton  at 
work  upon  his  collection.  He  returned  to  the  field  and  spent  the 
summer  of  1869  in  Utah.  He  apparently  was  happier  in  this  field 
work  than  he  had  ever  been  before.  His  comrades  speak  of  his 
enjoyment  of  the  wild  natural  scenery  of  the  region  he  was  ex- 
ploring, and  of  the  various  natural  phenomena  there  occurring. 
BLe  was  particularly  and  intensely  interested  in  the  desert  vege- 
tation. He  was  fearless  and  intrepid  in  his  work;  sometimes 
bivouacked  in  solitude  over  night  in  the  mountains,  returning 
the  next  day  with  his  botanical  treasures,  always  calm  and  cheer- 
ful and  undemonstrative. 

He  returned  to  New  Haven  in  the  fall  of  1800,  and  remained 
with  Professor  Eaton  about  a  year,  at  work  on  his  collection,  and 
went  to  Cambndge  late  in  1870  to  finish  the  work  at  the  Gray 
Herbarium. 

His  Report  was  finished  in  1871,  and  was  the  most  complete 
nd  extensive  botanical  report  of  any  of  the  exploring  expeditions 
on  the  Pacific  slope. 

From  this  time  on  he  remained  at  Cambridge,  and  soon  became 
the  Curator  of  the  Gray  Herbarium.     Here  was  a  sphere  just 
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fitted  to  hJR  nature  niid  training,  the  working  np  of  sonne  of  th* 
more  difficult  probk-nis  of  North  American  Botuny.  His  ktta 
observation  and  niitirin^  industry,  his  long  and  varied  trainin; 
and  diversified  experience  pecnliarly  fitted  him  for  the  wort 
which  had  at  last  fallen  to  him.  Hie  inteDeely  conscientious  de- 
votion to  trnth  showed  itself  alike  in  his  scientific  n'ork  and  in 
liis  personal  life  and  habits. 

After  his  report  was  finished  the  writer,  who  was  then  at  work 
on  the  Holany  of  California,  indnccd  him  to  finish  and  publish  i 
tiNt  of  references  he  had  begun,  and  later  to  finish  the  work  ob 
the  Botany  of  California  which  had  been  begun  by  others. 

The  resaUs  of  his  botanical  work  during  the  last  iwentj-'ine 
years  of  his  life  are  published  in  too  many  papers  to  be  given  io 
detail  here.  Thev  mav  be  summed  up  as  follows  :  (1)  The  lie- 
port  of  the  Botany  of  "the  40th  Parallel;  {;!)  Bibliographical  In- 
dex to  North  American  Botany ;  (3)  In  cooperation  with  otherf, 
The  Botany  of  California;  (4)  Eighteen  contributions,  mostly 
monographs,  publislied  in  the  proceedings  of  the  American  Acid- 
emy  of  Arts  and  Sciences;  (6)  In  cooperation  with  Presided 
Coulter  of  Indiana,  a  Review  of  Gray'H  Mannal ;  (6)  A  Manual 
of  the  Mosses  of  North  America ;  a  work  left  unfinished  by  Jaraf> 
and  Lesqnerunx ;  (7)  The  Botanical  definitions  in  the  earlier  part 
of  the  Century  Dictionary.  Dr.  Watson  made  only  two  consid- 
erable botanical  trips  during  these  later  years;  one  to  the  North- 
west in  connection  with  the  forest  work  of  the  Census  of  H^:^*', 
and  a  trip  to  Guatemala  in  1885. 

After  the  death  of  the  lamented  Asa  Gray  he  took  up  the  ia<l: 
of  completing  the  Synoptical  Flora.  For  this,  hia  long  compan- 
ionship with  Dr.  Gray  eminently  fitted  him,  but  like  bis  illustniiQ' 
predecessor  he  was  not  spared  to  finish  the  work.  An  attack  n( 
the  prevailing  influenza  followed  by  pneumonia  and  cardiac  com- 
plications brought  his  eminently  useful  and  laborions  life  to  an 
end  on  March  the  8th. 

W-xA  lie  dn'il   twenty  years  after  graduation  tlic  world  would 
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Art.   LVI. — A    New   Order  of  Extinct  Eocene  Mammals 

{Mesodaciyla) ;  by  O.  C.  Marsh. 

During  explorations  in  the  lower  Eocene  deposits  of  New 
Mexico,  carried  on  by  the  writer  in  1876-1880,  some  of  the 
first  fossils  discoverea  were  remains  of  small  mammals  about 
as  large  as  a  fox,  and  of  much  scientific  interest.  The  teeth 
are  somewhat  similar  to  those  of  Ungulates,  but  the  rest  of  the 
skeleton,  and  especially  the  limbs  ana  feet,  are  of  a  generalized 
type  quite  distinct  from  any  of  hoofed  animals  known,  recent 
or  Qxtmct.  Some  parts  of  the  structure  seem  to  indicate  an 
affinity  with  Hyrax^  but  the  limbs  and  feet  show  characters 
resembling  those  of  the  Primates,  especially  the  extinct  forms, 
and  likewise  seen  in  Insectivores,  and  even  in  some  of  the 
Kodenta  A  large  collection  of  these  remains  was  secured,  and 
when  examined  was  found  to  include  several  distinct  forms, 
all  of  small  size,  and  forming  together  a  natural  gr6up. 

One  of  these  forms  was  described  by  Cope,  under  the  name 
Meiiiacotheinum  chamense^  the  type  being  a  portion  of  an 
upper  jaw,  with  the  molars  in  place.*  This  specimen  was 
subsequently  described  and  figured  by  that  author,  who  regarded 
it  as  belonging  to  the  Perissodactyles.f  Later,  he  defined  two 
additional  species,  and  proposed  for  the  family  the  name 
Meniscotheriidcp, ;  and  more  recently  has  described  and  figured 
various  parts  of  the  skull  and  skeleton. ;[: 

Several  other  authors  since  then  have  discussed  the  aflinities 
of  this  peculiar  family,  but  mainly  without  presenting  any 
new  facts  bearing  on  the  question,  the  general  opinion  being 
that  these  animals  are  primitive  forms  of  Perissodactyla^ 
more  or  less  related  to  Chalicotherium,  Kaup,  which  genus 
they  resemble  in  dentition.  A  comparison  of  the  feet  would 
have  been  more  important,  but  those  of  Meniscotherhim^  at 
least,  were  unknown. 

♦Report  of  Chief  of  Engineers  for  1874,  pt.  ii,  p.  596. 
+  Extinct  Vertebrata,  p.  261,  pi.  Ixvi,  1877. 
i  Tertiary  Yertebrata,  1884. 
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The  lai^  collectioD  of  the  remains  of  this  group  secnredb; 
the  writer  containa  almost  every  part  of  the  bIcdU  and  skeleton, 
[pertaining  to  manr  individaala.  Among  these  are  specimem 
which  agree  closely  with  the  types  described  and  figured  bj 
Cope,  aii  well  as  a  nnmber  of  others  that  are  evidently  qaitt 
distinct.  Besides  Jfeniscoiherium,  a  second  genns  is  repre- 
sented, which  may  he  called  Ilyracops,  and  its  typical  epMies 
is  de^nbed  below.  This  genns  is  more  specialized  than 
^enincothiriitm,  and  may  be  from  a  somewhat  higher  borizon 
of  the  lower  Eocene,  bnt  the  two  genera  are  found  in  the  saint 
region,  and  may  perhaps  occur  together. 

An  investigation  of  all  the  specimens  represented  in  this 
collection  of  the  writer  makes  it  evident  that  they  pertain  not 
merelr  to  a  distinct  family,  bat  to  a  separate  order,  which  miv 
\ye  called  the  MetodatAula.  The  sknil  and  teeth  resemble 
strongly  those  of  the  Cfngulata,  especially  some  of  the  early 
Perissodactyles,  but  the  limbs  and  feet  prove  these  fossik  to  k 
quite  distinct  from  any  hoofed  animals  hitherto  known. 

The  skull  of  Ilyracopa,  in  its  general  form,  resembles  that 
of  J)uhlphyi>.  The  premaxillaries  do  not  reach  the  frontak 
The  latter  are  wide  between  the  orbits,  and  there  is  a  Euiall 
postorbital  process,  behind  which  the  skull  is  much  constrictiil. 
There  is  a  strong  sagittal  crest.  The  malar  reaches  the  laohry 
mal.  The  palate  is  complete,  and  the  posterior  nares  cxttmi 
forward  to  the  penultimate  molar.  The  brain  was  of  moder- 
ate size,  with  the  olfactory  lobes  and  the  eerebellnm  especially 
developed,  and  not  at  all  covered  by  the  cerebral  lobes. 

The  dentition  of  the  Mtaodactyla  is  of  special  intere>L 
The  teeth  are  hrachydont,  the  molar  series  lophodoat.  wiili 
external  and  internal  crescents  and  intermediate  cusp^  vith 
deep  valleys.     In  one  gemie,  with  which  the  type  sj.tecimein'f 
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The  fore  limbs  were  eomewbat  shorter  than  tliose  behind. 
The  humerus  is  stout,  of  aioderate  length,  with  its  distal  end 
much  flattened,  and  a  supracondylar  foramen.  It  resembles 
the  humerus  of  a  carnivore  rather  than  that  of  an  ungnlate. 
The  radius  and  ulna  are  nearly  equal  in  size.  The  head  of  the 
radias  is  expanded  tranevereely,  and  closely  applied  to  the  ulna, 
indicating  but  little  rotation.  The  ulna  is  a  stout  bone,  with 
tbe  distal  end  compressed  and  pointed.  The  carpal  bones 
resemble  in  general  form  and  position  those  of  Jiyrax,  and  a 
central  bone  is  present  in  the  same  place  as  in  that  genus. 
The  five  metacarpal  bones  are  all  well  developed,  and  their 
position  with  reference  to  the  carpals  that  support  them  is 
shown  in  the  fore  foot  of  Hyraeope  represented  below  in 
figure  1. 


FiauBE   1. — Left  fore  iooiot  Hyracnpe  rmciaHi,  Slur^li. 
FIOURB  3. — Left  hind  foot  of  Mme  spccieE.     Bulli  iintunil  ^l/c. 

o,  MtnigaluH;  c,  calcaneum :  cb,  cuboid;  ce,  central  boue:  I.  Iiiniir;  w,  iiiiipiuin; 
n,  navicular;  p,  pisiform;  H,  raditu;  t,  ecaphmil;  td,  trspozuid;  tin,  trapoidum; 
U,  ulna;  u,  unciform;  x,  epicuDBiform. 
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The  feet  are  primitive  in  type,  and  were  apparentlr  difiti- 
grade,  yet  the  terminal  phalanges  were  not  encased  in  noo»  or 
in  claWs,  but  possessed  an  intermediate  character,  which  hai 
enggeeted  the  ordinal  name.  Their  extremities  are  thin, 
somewhat  expanded,  and  more  like  those  of  Primates  than  of 
any  other  group.     They  were  apparently  covered  by  thin  naiU 

The  femur  Iiaa  a  third  trochanter,  near  the  middle  of  the 
shaft.  The  tibia  resembles  that  of  a  carnivore.  The  fibula  i« 
complete,  well  developed,  and  at  its  distal  end  is  expanded,  and 
meets  both  the  astragalas  and  the  calcaneum. 

The  hind  foot  is  represented  in  figure  2,  and  presents  several 
points  of  interest.  The  astragalus  and  calcaneum  are  very 
similar  to  those  in  Rodents.  The  navicular  is  supported  entirelr 
by  the  astragalus,  and  the  cuboid  by  the  calcanenm.  On  the 
tibial  side  below  the  navicular,  and  supported  by  it,  is  a  small 
bone  (x)  having  beneath  it  the  entocunoiform.  It  meets  the 
middle  cuneiform  also.  This  bone  has  apparently  not  been 
known  hitherto,  and  may  be  called  the  epicuneiform.  It  mav, 
perhaps,  correspond  to  what  is  known  as  the  tibial  sesamoid  in 
Rodents  and  Carnivores,  but  its  position  and  connection  in  the 
present  tarsus  are  quite  different.  Moreover,  a  distinct  tibial 
sesamoid  is  also  present  inside  and  behind  the  epicnueiform, 
and  hence  not  shown  in  the  figure. 

In  the  feet  of  Menhcotherium,  there  are  live  welt-developed 
digits  in  manus  and  pes.  The  structure  of  the  carpus  and 
tarsus  agrees  in  general  with  that  of  Ilyracf^s,  bwt  in  some 
points,  there  appear  to  he  differences  of  importance. 

The  order  Meamluctyla  contains  at  present  the  two  genen 
Menismthcrium  and  Hyracops,  which  include  primitive  mam- 
mals of  small  size,  having  the  full  number  of  forty-four  teeth 
in  continuous  series,  with  the  premolars  and  molars  similar  in 
' *~ '"■  known  a>i   Lti£;ulati3.s.     Th<;   limlis  and  feet 
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ing  Mammalia,  All  three  have  certain  points  of  resemblance, 
but  diflFer  widely  in  other  respects.  Their  exact  relations  to 
each  other  and  to  other  mammals  are  still  uncertain,  bnt  future 
discoveries  may  at  any  time  clear  the  matter  up. 

One  fact  is  becoming  more  and  more  evident,  the  near 
affinity  of  the  early  Primates,  Carnivores,  Ungulates,  and 
Hodents,  with  each  other  and  with  the  Insectivores,  and  more 
remotely  with  Marsupials.  The  key  to  the  mystery  lies  con- 
cealed in  the  great  break  between  the  lower  Wahsatch,  at  the  base 
of  the  Eocene  as  now  known,  and  the  Laramie  beds  of  the  Cre- 
taceous. In  the  latter,  none  of  the  above  placental  mammals 
have  been  found,  but  in  the  eariy  Eocene  occur,  side  by  side. 
Carnivores,  Rodents,  and  Ungulates,  the  last  represented  by 
both  t^'pical  Perissodactyles  and  Artiodactyles,  and  even  some 
of  their  subdivisions.  The  Amhlydactyla  of  large  size,  the 
TtUodontia  also  large,  and  the  diminutive  Mesodactyla^  all 
apparently  lived  together  in  this  period,  and  a  comparison  of 
their  special  characters  points  out  their  probable  lines  of  descent. 
The  convergence  of  these  lines  makes  every  discovery  in  the 
earlier  geological  horizons  of  importance,  and  a  connection 
with  the  Mesozoic  MaTnmalia  may  at  any  moment  be  demon- 
strated. The  Edentates  are  evidently  a  later  development,  as 
are  also  the  Sirenians  and  Cetaceans. 

New  Haven,  Conn..  April  16,  1892. 
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Formation;  by  O.  C.  Marsh. 

Among  the  extensive  collections  of  vertebrate  fossils  secured 
during  the  last  few  years  from  the  Ceratops  beds  along  the 
eastern  base  of  the  Rocky  Mountains,  remains  of  reptiles 
largely  predominate,  and  many  have  already  been  described  by 
the  writer.  A  number  of  new  forms  of  much  interest  have 
recently  been  secured,  and  some  of  these  are  briefly  noticed 
below.  The  presence  of  Ophidians  and  true  Lacertilians 
among  the  gigantic  forms  of  Dinosanria  is  especially  note- 
worthy, as  their  discovery  has  long  been  expected.  The  new 
Dinosaurs  described  confirm  previous  indications,  that  this 
subclass,  before  its  extinction,  developed  into  many  highly 
si>ecialized  forms,  of  which  suggestions,  at  least,  were  seen  in 
those  from  lower  horizons.  The  large  number  and  variety  of 
these  specialized  forms  could  hardly  have  been  anticipated,  and 
they  make  prominent  the  probability  that  the  Reptilian  age 
reached  its  culmination  near  the  close  of  the  Cretaceous. 
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Coniophis  precedem,  gen.  et  gp.  nov. 

The  earlieBt  serpents  hitherto  known  in  this  coantrj  are 
iQclnded  in  the  gcnnra  Titanophia  (^Dinophia)  from  the  rnuine 
Eocene  of  New  Jersey,  and  Boavua  from  the  freshwater 
Dinoceras  and  Ooryphodon  beds  of  the  West,  both  described 
by  the  writer.*  None  have  hitherto  been  fonnd  in  the 
American  Cretaceoua,  and  bat  one  species  is  known  from 
Enrope.t  The  type  specimen  of  the  present  genus  and  species 
is  the  vertebra  represented  below  iu  figure  1.  Several  otliers 
were  found  at  the  same  locality,  bnt  may  not  pertain  to  this 
individnal. 


In  the  type  specimen  fignred  above,  the  zygospbene  articu- 
lation is  fnlly  developed,  and  all  the  characteristic  Ophidian 
features  are  distinctly  shown.  The  nearer  affinities  of  the 
genus  will  be  discussed  in  a  later  communication.  All  the 
known  remiiins  of  the  species  are  from  the  Ceratops  bed?  of 
Wyoming. 
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Varions  vertebrsB  found  at  the  same  localities  may  be  re- 
ferred to  this  species.  They  are  procdOiaii,  with  the  cup 
and  ball  transverse,  and  oblique.  These  are  all  without  the 
zygosphene  articulation. 


Fkjcre  2. — Maxillary  of  Chamops segnis.  Marsh;  outer  view. 
Figure  3. — 'Vho  same  bone ;  inner  view.    Twice  natural  size. 

The  remains  of  the  species  here  described  are  all  from  the 
Laramie  of  Wyoming. 

IguanavuB  teres,  sp.  nov. 

Another  Lacertilian,  much  smaller  than  the  above,  left  its 
remains  in  the  same  horizon.  The  specimens  be^t  preserved 
are  vertebnti,  which  agree  in  general  form  of  the  centra  with 
those  just  described,  but  possess  the  zygosphene  articulation. 
They  are  about  the  size  of  the  Ophidian  vertebra  above 
described,  but  may  readily  be  distinguished  by  the  oblique 
and  transversely  expanded  articular  faces,  and  by  the  smooth 
under  surface  of  the  centrum.  The  type  specimens  are  all 
from  the  Laramie  of  Wyoming. 

Ornithomimus  sedens^  sp.  nov. 

The  remarkable  Dinosaurs  described  by  the  writer,  and 
referred  to  the  present  genus,  representing  a  distinct  family, 
were  mainly  from  fragmentary  remains,  but  differed  widely 
from  all  forms  then  known.*  Since  then  explorations  in  the 
same  horizon  further  north  have  brought  to  light  various  other 
specimens,  which  prove  the  group  to  be  of  great  interest,  but 
make  it  probable  that  they  should  be  referred,  not  to  the 
Ornithopoda^  but  to  the  Theropoda, 

The  present  species  is  based  upon  the  nearly  cuniplete 
pelvis,  with  various  vertebne,  and  some  other  ])arts  of  the 
skeleton.  The  most  striking  feature  of  the  pelvis  is  the  fact, 
that  the  ilium,  ischium,  and  pubis  are  firmly  cor>ssitied  with 
each  other,  as  in  recent  birds.     This  character  has  been  observed 

*  This  Journal,  vol.  xxxix,  p.  84.  January,  1890. 
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hitherto  among  Dinosaare,  only  in  the  genns    Oeraioiauntt 
described  by  the  writer  from  the  Jarassicof  Wyoming.*    The 

f  resent  pelvis  resembles  that  of  G^at09auru«  in  its  genetal 
eatures,  but  there  is  no  foramen  in  the  pabis. 

There  are  five  vertebrte  in  the  eacmm,  firmly  coossified  with 
each  other,  as  are  also  the  sacral  spines.  The  sacral  vertebnt! 
are  grooved  below,  with  the  sides  of  the  centra  excavated 
The  caudals  have  tlie  diplosph'enal  articulation,  and  the  firH 
candal  bears  a  chevron.  All  the  bones  preserved  are  veir 
delicate,  and  some  of  them,  at  least,  are  apparently  pneumatic 
The  sacrum  measures  fifteen  inches  in  length,  ana  -the  twelve 
caudals  following  occupy  a  space  of  thirty-one  inches.  The 
known  remains  indicate  a  reptile  about  eight  or  ten  feet  in 
length. 

In  the  same  horizon  occur  the  remains  of  a  very  minute 
species,  wltich  agrees  in  all  its  characters,  so  far  as  detcrminnl. 
with  the  members  of  this  genus.  The  most  characteristic 
portions  secured  arc  the  metatarsal  bones,  and  these  show  th« 
same  features  exhibited  in  tlie  type  species  of  the  genus,  0. 
velox.  They  are,  however,  so  much  smaller  as  to  suggest  that 
they  may  pertain  to  a  bird.  Various  poitions  of  the  seeoud, 
third,  and  fourth  metataraalB  are  known,  and  the  distinctive 
feature  is  seen  in  the  third,  which  has  the  upper  part  of  the 
shaft  so  attenuated  that  it  may  not  reach  to  the  tarsus.  The 
second  and  fourth  metatarsals  are  very  long  and  slender.  This 
unique  fossil,  when  alive,  was  about  the  size  of  the  common 
fowl.     The  species  may  be  called  Ornitkomitnus  niinufus. 

The  large  species  described  by  the  writer  as  (9/^jiMomi»iw 
grandis  belongs  in  essentially  the  same  horizon.  Portions  of 
two  other  skeletons  have  since  been  obtained,  which  apparently 
pertain  to  this  speciea  In  one  of  these,  the  femur,  tibia,  and 
Hhiilii  ari.'  in  good   preservation,  and  they  clearly  demonstrate 
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(Jlaosaxirus  annectenSy  sp.  nov. 

The  reptiles  of  the  Laramie  allied  to  Iladrosaurns  are 
numerous  and  highly  specialized.  One  of  the  forms  most 
distinct,  but  not  abundant,  is  here  described,  and  the  type 
specimen  is  a  nearly  complete  skull  and  skeleton.  This  will 
be  fully  described  by  the  writer,  but  as  the  pelvis  presents 
some  points  of  interest  it  is  represented  in  figure  4  below. 
The  ilium  exhibits  no  special  characters  of  importance,  and 
agrees  in  the  main  with  the  corresponding  bone  of  the  type 
of  the  genus.  The  ischium  is  especially  elongated,  and  very 
straight.  The  pubis  is  represented  by  a  very  large,  expanded 
prepubis,  and  a  mere  remnant  of  the  postpubis,  as  is  well 
shown  in  the  figure. 


Figure  4. — Pelvis  of  Claosawus  annttrtens,  Marab.     One  sixteenth  natiipnl  size. 
a,  acelabulum ;  i7,  ilium ;  is,  ischium ;  />,  pubis ;  //,  postpubis. 


This  important  specimen  is  from  the  Laramie  of  Wyoming. 

The  fossils  described  in  the  present  article  were  all  collected 
by  Mr.  J.  B.  Hatcher,  whose  discoveries  in  the  Rocky 
Mountain  region  are  well  known  to  paleontologists. 

New  Haven,  Conn.,  April  18,  1892. 
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Art.  LVIII. — On  Svhdiviaiona  in   Archwan    Hi  storey ;    by 

James  D.  Dana. 

I.  Subdivisions  based  on  Kinds  of  Eocks, 

Werner's  idea  that  kinds  of  rocks  and  grade  of  crystal- 
lization afford  a  basis  for  the  chronological  subdivision  of 
crystalline  rocks  is  more  or  less  apparent  in  nearly  all  attempts 
that  have  since  been  made  to  lay  down  the  general  subdi- 
visions of  Archaean  terranes.  The  "fundamental  gneiss"  has 
gone  to  the  bottom  and  the  thinner  schists  to  tlie  top.  There 
16  a  degree  of  truth  in  the  idea.  But  the  assumptions  are  so 
great  that  at  the  present  time  little  reason  exists  for  the 
earnestness  sometimes  shown  by  advocates  of  sncli  systems. 
The  idea  has  little  to  sustain  it  in  the  known  facts  of  geology. 
The  following  are  sufficient  to  decide  the  question. 

According  to  the  thorough  petrological  and  geological  study 
of  the  rocks  of  the  Bernardston  region  by  Prof.  B.  K. 
Emerson* — a  region  in  the  Connecticut  valley,  in  the  towns 
chiefly  of  Bernardston,  Massachusetts,  and  Vernon,  Vermont — 
there  are  the  following  rocks:  granite,  largely  feldspathic  ; 
dioryte,  so  like  intrusive  dioryte  that  it  had  been  pronounced 
trap;  quartz-dioryte ;  granitoid  gneiss  faintly  foliated  with 
biotite  and  passing  into  the  granite;  hornblende  schist 
quartzyte  :  quartzyte  porphyritic  with  feldspar  crystals 
staurolitic  and  garnetiferous  mica  schist ;  hydromica  schist 
argillyte  ;  massive  magnetite,  making  a  bed  of  magnetite  rock 

•A  description  of  the  *' Bernardston  Series  "  of  Metamorphio  Upper  Devonian 
Rocks,  by  Ben  K.  Emerson,  this  Journal,  III,  xl,  263,  1890. 
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along  with  coarBely  crystalline  lioiestone  aod  quartzjtic  lime- 
stone containing  Cn'noid^,  Corals  and  Bracliiopods :  all  t(urctiier 
making  one  series  of  rocks  of  later  Devonian  age.  iS.^  own 
observations  in  the  region  confirm  the  eonclDBione  of  Prof. 
Emerson,  Such  facts  prove,  moreover,  that  "nias8ive"a6 
applied  to  crystiilline  rocks  doee  not  signify  igneoiit.  The 
granite  is  not  eruptive  granite,  bnt  part  of  a  stratum  which 
18  elsewhere  quartzyte,  the  qnartzyte  gradnating  into  granite; 
the  latter  was  never  in  fnsion. 

Again  :  on  the  borders  of  New  England  and  Xew  York 
there  ai-e  schists  of  all  gradations  from  massive  Cambrian 
gneiss  to  Canihrian  and  Hudson  River  hydroinica  sehist  and 
argillyte,  the  age  fixed  by  fossils.  Becker  reports  similar  facts 
from  the  Crelaceons  of  California.  Such  observations,  and 
others  on  record,  iniike  it  hazardous  to  pronounce  any  pieis 
in  an  Archjpan  area  '•  fundamental  gneiss,"  or  any  associated 
slaty  schist  the  younger  of  the  two.  It  may  be  true :  but  it 
may  not  be.  It  is  probable  that  the  thin-bedded  schists  are 
absent  fi-om  the  older  Archtean,  but  not  that  the  thick-bedded 
and  massive  are  absent  from  the  later  Archsan. 

The  little  chronological  value  of  kinds  of  crystalline  rocks 
in  tlie  later  Archa'an  comes  out  to  view  still  more  strongly  if 
we  consider  with  some  detail  the  length  and  conditions  of 
Archwan  time. 

The  earth  must  have  counted  many  millions  of  years  from 
the  first  existence  of  a  solid  exterior,  when  the  teraperatnre 
was  above  2500°  F.,  to  the  time,  when,  at  a  temperature  below 
1000°  F., — probiibly  near  500°  F.,  supposing  the  atmospheric 
pressure  to  have  then  l«ien  that  of  50  atmospheres — the  con- 
densation of  the  waters  of  the  dense  aerial  envelope  had 
made  such  [irogress  that  an  ocean,  moving  in  tides  and  car 
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120°  F.  mark  to  that  of  a  mean  oceanic  temperature  of  90°  F., 
or  below  it,  when  Paleozoic  life  found  congenial  conditions  in 
the  water.     The  mean  temperature  now  is  about  60°  F. 

The  ocean,  sooner  or  later  after  its  inaugural,  began  the 
work  of  making  permanent  sediments,  that  is  sediments  that 
were  not  speedily  recrystallized  ;  and  these  sediments,  through 
the  millions  of  years  that  followed  must  have  been  of  all  kinds 
and  of  great  thickness. 

The  conditions  became  still  more  like  the  present  after  the 
introduction  of  life  with  the  further  decline  of  temperature. 
Even  before  its  introduction,  iron  oxides,  iron  carbonate,  cal- 
cium carbonate,  calcium-magnesium  carbonate  and  calcium 
phosphate  had  probably  commenced  to  form,  for  the  atmo- 
sphere, although  it  had  lost  the  larger  portion  of  its  water- 
vapor,  still  contained,  as  writers  on  the  *' primeval  earth  "have 
stated,  the  chief  part  of  its  carbonic  acid,  amounting  to  all 
that  could  be  made  from  the  carbon  of  the  limestones,  coal 
and  carbonaceous  products  now  in  the  world.  It  had  also  a 
great  excess  of  oxygen — all  thnt  has  since  been  shut  up  in  the 
rocks  by  oxidations.  And  these  most  effectual  of  rock-destroy- 
ing agents  worked  under  a  warm  and  dripping  climate. 

The  amount  of  carbonic  acid,  according  to  published  esti- 
mates, has  been  made  equivalent  in  pressure  to  200  atmo- 
spheres, or  3000  pounds  to  the  square  inch.  200  is  probably 
too  high,  but  50  atmospheres,  which  is  also  large,  is  perhaps 
no  exaggeration.  Hence,  the  destruction  of  rocks  by  chemical 
methods  must  have  been,  as  Dr.  Hunt  and  other  writers  have 
nrged,  a  great  feature  of  the  time ;  and  long  before  the  intro- 
duction of  living  species,  the  temperature  had  so  far  declined 
that  the  making  of  silicates  must  have  given  way  in  ])art  to 
the  making  of  deposits  of  carbonates  and  oxides. 

But  with  the  existence  of  life  in  the  warm  waters,  through 
the  still  later  millions  of  years,  there  should  have  been,  as 
Weed's  study  of  the  Yellowstone  Park  has  rendered  probable, 
abundant  calcareous  secretions  from  the  earliest  plants,  and, 
additions  later,  through  the  earliest  of  animal  life.  (rreat 
limestone  formations  should  have  resulted,  and  large  deposits 
of  iron  carbonate,  and  perhaps  iron  oxides,  over  the  bottom- 
Bediments  of  shallow  inland  or  sea-border  tlats,  besides  carbon- 
aceous shales  that  would  afford  grapliite  l)v  nietamorphisni. 

In  fact,  long  before  the  Archiean  closed,  the  conditions  as  to 
rock-making  were  much  like  those  that  followe<l  in  the  Paleo- 
zoic. Surely  then,  all  attempts  to  mark  off  the  i)assing  time 
by  successions  in  Jcindsoi  rocks  must  be  futile,  ^om^ntrieties 
of  the  various  kinds  of  rocks  are  pro])ably  Arcluean  only  ;  but 
not  all  those  of  its  later  millions  of  yeai-s.  Even  crystalline 
and  uncrystalline  may  not  be  a  criterion  of  chronological  value. 
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The  beds  of  the  upper  Archeean,  under  the  coadttioos  existii^. 
may  well,  over  some  regions,  be  uncrystalline  still,  and  mij 
include  carboiiatieous  shales  that  hold  to  thia  time  their  cir- 
bonaceous  products.  Such  uncrjstalline  bads  may  now  exitt 
over  the  Continental  Interior;  for  the  great  Interior  hii 
generally  escaped  when  inetamorphic  work  was  in  progress  od 
the  Continental  borders. 

Tho  amount  of  carbonic  acid  is  most  readily  estimated  by  firsl 
obtaininfT  the  probable  amount  for  all  post-Accbaean  sources,  Aoi 
then  adding  to  this  that  which  is  indicated  by  Archfean  terrane. 
The  calculation  is  here  given  in  detail  that  others  may  use  it  for 
deductions  from  other  estimates. 

For  the  estimation  there  arc  the  followinf;  data.  A  cubic  foot 
of  pure  limestone  wliich  is  iialf  calcite  and  half  dolomite  and  liss 
the  normal  specific  gravity  2-75,  weighs  17r4  pounds;  and  this, 
allowing  for  ^^th  impurity,  becomes  15T  pounds  and  correspond! 
to  72  pounds  of  carbonic  acid.  A  cubic  foot  is  equal  to  an  incli- 
square  column  144  fvet  in  height.  Since  72  is  half  of  144,  eicli 
foot  of  the  column  of  such  limestone  contains  half  a  poanJ 
of  carbonic  acid.  Hence  a  layer  of  the  limestone  one  foot  thick 
would  give  to  the  atmosphere,  on  decomposition,  half  a  pound  of 
carbonic  acid  for  each  square  inch  of  surface. 

A  foot  layer  of  good  bituminous  coal  containing  80  per  cent  of 
carbon,  G^l'5,  will  give  to  the  atmosphere  by  oxidation  1^ 
pounds  of  cai'bonic  acid  per  square  inch  of  surface. 

If  the  mean  thickness  of  the  limestone  over  the  whole  earth's 
surface,  that  of  the  oceans  included,  reckoned  on  a  basis  of  -[ijlii 
impurity,  is  1000  feet,  the  contained  carbonic  acid  amounts  accord- 
ing to  the  above  to  500  pounds  per  square  inch,  or  34  atmospheres 
(of  14}  pounds),  and  if  the  mean  thiclcness  of  the  coal  is  one  fool, 
the  cai'bonic  acid  it  could  contribute  would  be  1'9  pounds  per 
square  inch.     Adding  these  amounts  to  the  carbonic  acid  cor- 

monding  to  the  carbon  in  (liu  mineral  oil  and  g 
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atmospheres  it  is  still  an  enormous  amount  beyond  what  ordinary 
life,  even  aquatic  life,  will  endure.  Reducing  the  estimated  mean 
thickness  for  the  limestone  layer  over  the  globe  from  iOOO  to  500 
feet  would  make  the  amount  nearly  one  half  less.* 

The  making  of  carbonates  early  began  the  work  of  storing 
carbonic  acid  and  purifying  the  atmosphere ;  and  the  introduction 
of  life  increased  the  amount  thus  stored,  and  added  to  it  through 
the  carbonaceous  materials  from  living  tissues  contributed  to  the 
earthy  deposits.  But  with  all  the  reductions  that  can  be  explained, 
the  excess  is  still  very  large.  It  has  been  proved  by  experiment 
that  an  excess  also  of  oxygen  diminishes  the  deleterious  influence 
of  carbonic  acid  on  plants;  and  that  if  the  amount  of  this  gas  is 
made  equal  to  that  of  the  oxygen  in  the  present  atmosphere, 
plants  will  still  thrive.  How  far  this  principle  worked  in  early 
time  cannot  be  known. 

2.  Subdivisions  based  on  Stratification, 

The  stratification  in  an  Archffian  I'egion  affords  tlie  only 
safe  and  right  basis  for  subdivisions.  Tliis  method  has  been 
nsed  in  the  separation  of  the  Huronian  from  the  older  Archsean ; 
and  recently,  with  good  success,  by  Irving  and  Van  Hise  in 
the  study  of  the  Penokee-Marquette  region,  or  the  Huronian 
belt  of  Wisconsin  and  Michigan.  The  intimate  relation  of 
the  beds  in  the  series  has  been  worked  out  and  their  uncon- 
formability  with  the  lower  rocks  thus  ascertained,  besides 
the  stratification  and  constitution  of  the  iron-ore  series  within 
the  belt.  This  is  the  first  step  toward  that  complete  study 
which  should  be  carried  on  throughout  all  Archaean  areas, 
however  "  complex."  The  distribution  of  the  rocks  and  their 
apparent  or  real  stratigrapliic  succession,  whether  massive  or 
schistose,  the  positions  of  the  planes  of  foliation  or  bedding, 
the  unconformities  in  superposition,  and  thpse  of  mere  fault- 
ing, and  all  structural  conditions,  should  be  thoroughly  inves- 
tigated. Correlation  by  likeness  of  rocks  has  its  value  within 
limited  areas,  but  only  after  much  questioning.f     The  work  is 

•A  right  estimate  is  very  desirable.  If  made  for  Xoith  America,  it  could  not 
be  far  out  of  the  way  to  asi»iime  it  to  be  a  mean  for  like  areas  of  the  other  con- 
tinents as  rejcards  the  Hmestone.  But  with  the  best  pos.sihle  result  for  the  con- 
tinents, the  oceanic  area,  three  times  that  of  the  continents,  and  out  of  the  reach 
of  investigation  as  to  depths  of  bottom  deposits,  remains  a  larj^e  source  of  doubt. 

f  As  a  preliminary  in  the  study  of  any  such  region,  tliousands  of  dips  and 
strikes  of  planes  of  foliation  or  bedding  shouhl  be  taken  (in  imitation  of  Percival's 
work  before  1842,  mentioned  in  the  note  on  pntre  410  of  the  last  volume  of  this 
Journal),  and  all  should  be  plotted  on  maps  '»f  large  scale  by  means  of  symbols 
with  affixed  numbers  recording  the  dips  and  strikes,  for  full  comparison  in  the 
final  elaboration.  Even  the  Penokee-Marquette  region  needs  further  investigation 
with  a  dinometer-compass  in  hand. 

Before  commencing  the  study  of  any  crystalline  rocks,  models  of  flexures 
should  have  been  studied  until  the  fact  is  fully  appreciated  that  a  Hexure  having 
an  inclined  axis — the  commonest  kind — ranges  through  180^,  or  nearly,  in  its 
dips  and  strikes,  and  until  the  characters  of  the  bedding  in  different  transverse 
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easy  in  its  methods,  yet  perplexing  because  in  Xorth  Americi 
the  uplifts  and  liexures  of  different  periods  have  in  genenl 
taken  place  in  parallel  directions,  so  that  u  neon  form  anilities 
are  disguised,  especially  when  the  two  formations  are  nearly 
alike  in  grade  of  metamorphism.  Follow  along  the  overlvinp 
to  places  where  its  metamorphism  is  of  low  grade,  and  tliere 
may  be  success. 
There  is  a  Hrst  point  of  special  importance   to  be  accora- 

glished  by  Archajan  investigation.  The  Huronian  of  tie 
euokec -Marquette  region  is  partially  metamorphic  To  the 
east,  the  iron  ore,  according  to  the  describers,  is  mainly  meta- 
morphic magnetite  and  hematite ;  to  the  west,  especially  in  tiie 
Penokee  region,  it  is  largely  iron  carbonate,  or  the  ore  in  its 
original  state.  Other  facts  show  a  diminishing  grade  of  meta- 
morphism to  tlie  westward.  In  the  Penokee  district,  the  ore 
is  underlaid  by  a  bed  of  "  cherty  limestone,"  the  chert  of  which. 
like  the  interlaniinated  jasper  of  the  ironoi-e  bed,  is  regarded 
by  Van  Hisc  as  probably  of  organic  origin,  like  later  chert. 
It  has  among  the  overlying  beds  carbonaceons  shales  contain- 
ing, according  to  Chamborlin,  40  per  cent  of  carbon,  bearing' 
thus  evidence  of  very  large  organic  carbonaceous  coiitribntions 
when  in  process  of  formation.  The  great  beds  of  iron  ore,  the 
upward  gradation  eastward  in  metamoi'pliism,  the  relations  in 
pofiition  to  the  admitted  Archfean  adjoining  it  oti  the  south, 
seem  to  prove  the  Huronian  series  to  be  Upper  Archaean,  as  it 
has  been  generally  regarded,  but  in  a  nun- metamorphic  and 
partially  metamorphic  condition.  The  question  thence  arises: 
Are  the  ore-bearing  rocks  of  the  Archasan  of  eastern  Canada. 
New  York,  New  Jersey  and  other  parts  of  the  Appalachian 
chain  Huronian  in  a  state  of  high-grade  metamorphism? 
Are  the  chondroditic  limestones,  which  in  some  localities, 
occur   in   and    with    the   ore,    part   of  the   Huronian    fonna- 
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grand  divisions  based  on  the  proecress  of  life,  and  they  include 
together  its  complete  range.  'Inhere  is  no  room  for  another 
grand  division  between  Archjean  and  Paleozoic  any  more  than 
lor  one  between  Paleozoic  and  Mesozoic.  In  contrast,  the 
Algonkian  division  is  not  above  the  Cambrian  in  grade,  it  being 
based  on  series  of  rocks.  Its  true  biological  relations  are  in 
doubt,  because  fossils  representing  the  supposed  life  of  the 
period  are  unknow.n,  or  imperfectly  so.  The  discovery  in  any 
rock  so-called  of  Trilobites,  Crustaceans,  Mollusks,  Brachiopods, 
or  Crinoids,  whatever  the  species,  would  entitle  such  rocks  to 
a  place  in  the  Paleozoic,  and  either  within  the  Cambrian  group 
or  below  it.  Walcott  has  already  reported  such  fossils  from 
the  beds  at  the  bottom  of  the  Colorado  canon  referred  by  him 
to  the  Algonkian,  namely :  besides  a  Strumatoporid,  a  small 
Patella  like  or  Discina-like  shell,  a  fragment  of  a  Trilobite  and 
a  small  Uyolithes — forms  which  make  the  beds  Paleozoic 
beyond  question. 

3.   Subdivisions  based  on  Physical  and  Bioloyical  conditions. 

Although  the  physical  and  biological  conditions  of  the  early 
globe  are  not  within  the  range  of  observation,  there  are  gene- 
rally admitted  facts  wMiich  afford  a  basis  for  a  philosopliical 
division  of  the  time  ;  and  from  it  geology  may  derive  instruc- 
tion.    The  subdivisions  to  which  we  are  led  are  the  following : 

I.  The  Astral  teon,  as  it  has  been  called,  or  that  of 
liquidity. 

II.  The  Azoic  aeon,  or  that  without  life. 

1.  The  Lithic  era,  commencing  with  completed  consolida- 
tion :  the  time  when  lateral  pres^^ure  for  crust-disturbance 
and  mountain-making  was  initiated,  and  when  meta- 
niorphic  work  began. 

2.  The  Oceanic  era^  commencing  with  the  ocean  in  its 
place:  oceanic  waves  and  currents  and  embryo  rivers 
beginning  their  work  about  emerged  and  emerging 
lands,  and  the  tides,  the  retarding  of  the  earth's  rota- 
tion. 

III.  The  ARCir.EOZOic  >^on,  or  that  of  the  first  life. 

1.  The  era  of  the  first  Plants:  the  Algju  and  later  the 
aquatic  Fungi  (Bacteria)  ;  commencing  possibly  with 
the  mean  surface  temperature  of  the  ocean  about  180°  F. 

2.  The  era  of  the  first  AnitnuL  lift  ;  the  Protozoans,  and 
forms  related  to  the  embryos  of  higher  invertebrate 
species;  commencing  possibly  with  the  mean  surface 
temperature  of  the  waters  about  120°  F.,  and  ending 
with  90°  F.  or  below. 

The  subdivisions,  as  is  evident,  mark  off  great  steps  in  the 
progress  of  the  developing  earth,  although  the  rocks  bear  no 
marks  of  them  that  can  be  distinguished. 
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The  Hnronian  period  covered,  probably,  mneb  of  Archeo- 
zoic time ;  and  this  is  all  in  the  way  of  correlation  that  can  be 
said.  It  ie  well  to  note  here  that  if  the  Eozoon  is  reallr 
animal  in  oripn,  the  "  Laurentian  "  rocks  of  Canada  in  whidi 
it  occurs  must  be  Hnronian,  or  the  later  of  Archiean  temDet. 

Respecting  the  Oceanic  period  it  is  observed  above,  "  com- 
menciny  with  the  ocean  in  ttspUtee"  It  appears  to  be  almwi 
a  physical  necessity  that  the  oceanic  depression  sbonld  have 
been  made  in  the  first  forming  of  the  solid  ernst,  if  the  globe 
cooled  to  the  surface  from  the  center  outward  ;  that  is,  nnleu 
a  liQuid  layer  remained  long  afterward  beneath  the  crust 

The  depression  was  certainly  made  long  before  the  close  of 
Archseiintime.  For  the  enormous  amount  of  rock-making  of  the 
Archsean  over  the  continent  implies  the  existence  of  emeiped 
rocks  within  reach  of  the  decern  posing,  eroding  and  denuding 
agencies  of  the  atmosphere  and  atmospheric  and  oceanic  waters. 
A  submergence  in   the  ocean  of  50  feet  is  almost  a  complete 

Srotection  against  mechanical  and  ciiemical  wear.  Moreover 
orth  America  has  Mb  Archean  lands  not  only  in  the  great 
nucleal  mass,  2.000,000  square  miles  in  area,  but  also  in  tbe 
series  of  Archeean  ranges  parallel  to  the  outlines  of  the 
nucleus,  which  extend  eastward  to  the  eastern  limit  of  JJew- 
fonndland,  and  westward  to  the  Pacific.  And  it  has  corre- 
spondingly shallow-water  Cambrian  deposits  lying  between 
tnese  ranges  from  eastern  Newfoundland  and  the  eoast-re^oii 
of  New  Brunswick  and  Massachn setts,  westward  across  the 
continent  about  most  of  the  Archeean  outcrops,  to  within  300 
to  400  miles  of  the  Pacific  Ocean,  as  shown  by  Walcott. 

There  is  hence  reason  for  the  conclusion  that,  at  the  cW 
of  Arehft-an  time,  the  continent  of  North  America  was  present 
not  merely  in  outline,  hut  also  in  general  features,  and  at  shal- 
low depths  where  not  emerged. 
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Art.  LIX. — On  Electrical  Discharcjes  through  j)oor  Vacuaj 
and  on  Coronoidal  Discharges  ;*  by  M.  L  Pupin,  Ph.D., 
Columbia  College.     With  Plate  XIV. 

INTRODUCTION. 

The  behavior  of  electrical  discharges  through  poor  vacua 
does  not  seem  to  have  received  the  attention  of  experimental 
investigators  which  it  deserves.  This  may  seem  strange  in 
view  of  the  uncertainty  of  our  knowledge  of  the  process 
by  which  the  transfer  of  electricity  through  ^ases  takes  place. 
Cfonsidering,  however,  that  it  was  generally  customary  to 
employ  in  experimental  investigations  of  this  kind  a  vacuum 
jar  with  metal  electrodes  in  connection  with  an  electric  gene- 
rator of  small  capacity,  it  is  easily  explained  why  the  discharges 
through  poor  vacua  should  have  received  so  much  less  atten- 
tion tnan  the  discharges  through  high  vacua  and  the  spark 
discharges  through  gases  at  ordinary  pressures.  Neither  the 
vacuum  jar,  nor  the  working  of  the  electric  generators  ordi- 
narily employed,  admitted  of  rapid,  easily  adjustable,  but  essen- 
tial variations  in  the  conditions  of  the  experiment;  as  for 
instance,  variations  of  the  size  and  shape  of  the  electrode,  of 
the  frequency  of  the  discharges,  of  the  strength  of  the  electro- 
motive force,  etc.  But,  as  I  shall  point  out  in  the  course  of 
this  paper,  it  is  through  these  very  variations  that  certain  fun- 
damental features  in  the  character  of  an  electrical  discharge 
through  poor  vacua  are  brought  out  prominently. 

The  fact  that  electrical  discharges  in  poor  vacua  resemble  in 
many  characteristic  details  the  appearance  and  behavior  of 
the  solar  corona  attaches  additional  interest  and  importance  to 
that  class  of  experimental  investigations  which  are  pointed  out, 
only,  in  this  paper.  Neither  time  nor  facilities  permitted  me 
to  aim  at  anything  approaching  completeness.  The  principal 
aim  in  my  presenting  this  paper  was  to  recommend  my  subject 
and  my  method  of  investigating  it  to  those  who  command  over 
a  larger  experience  and  skill  in  experimental  investigations, 
and  who  also  have  more  leisure  and  greater  experimental  facili- 
ties than  I  could  even  pretend  to  possess. 

DESCRIPTION    OF   THE    EXPERIMENTAL  METHOD. 

A  brief  description  of  the  method  by  which  I  obtained  my 
vacuum  discharges  seems  in  place  now.  It  consists  in  produc- 
ing an  electrical  current  in  a  vacuum  by  means  of  the  con- 

*Read  before  the  National  Academy  of  Sciences,  WashingtoD,  April  22Dd,  1892. 
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denser  effect  of  tinfoil  coatinfrs  or  other  condnctors  placed  od 
the  outride  of  a  vaeiiuni  jar. 

The  following  experiment  which  1  performed  oVerajar 
ago  will  explain  nij  meaning  more  folly.  The  poles /y  {fig. 
7,)  of  a  sumll  Riteliie  indnction  coil  were  connected  to  two  glas 
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a  Holtz  machine  for  the  induction  coil  and  the  alternator.  In 
this  case  the  effect  was  due,  of  course,  to  tlie  oscillations  pro- 
duced by  the  spark  discharge  between  the  poles  of  the  machine. 
The  two  vacuum  bulbs  with  the  water  surrounding  them  act 
like  two  condensers  connected  in  scries  by  the  narrow  tube. 
It  seems  superfluous  to  describe  the  obvious  experiments  which 
I  had  to  perform  to  prove  the  following  relation : 

The  intensity  of  the  luminosity  increases  with  the  condenser 
surface  of  the  bulbs,  with  the  frequency  of  alternations,  and 
with  the  effective  electromotive  force  of  the  charging  appara- 
tus. Other  things  being  equal  the  total  amount  of  light  pro- 
duced will  increase  with  the  increase  of  the  conductivity  of 
the  vacuum.  This  relation  mav  have  been  understood  before, 
but  to  ray  knowledge  it  was  never  clearly  stated. 

The  luminous  effects  which  I  succeeded  in  producing  in  the 
manner  described  were  so  powerful,  that  I  thought  it  w^orth 
while  to  construct  an  electrical  lamp  on  this  principle.  I 
mention  this  for  the  purpose  of  pointing  out  that  this  method 
of  producing  very  powerful  vacuum  discharges  was  worked 
out  by  me  several  months  beforQ  the  publication  of  Nikola 
Tesla's  and  Professor  J.J.Thomson's  magnificent  experiments. 
A  considerable  number  of  results  which  I  obtained  in  my  ex- 
periments are  simply  repetitions,  on  a  small  scale,  of  the  results 
obtained  by  these  scientists.  There  is,  however,  one  line  along 
which  there  seems  to  be  but  very  few  points  of  contact  between 
their  work  and  mine.  This  line  runs  in  the  direction  of  inves- 
tigating the  relation  between  the  character  of  the  discharge, 
the  pressure  in  the  vacuum,  and  the  effective  e.  m.  f.  which 
produces  the  discharge.  The  following  experiments  will  show 
some  of  the  characteristic  features  of  this  relation. 

I.       ON    THE    CRITICAL   POINTS    OF   THE    DISCHAROE. 

A  vacuum  jar  of  the  form  and  dimensions  as  given  in  fig.  8, 
was  substituted  for  the  small  double  bulb  c  d,  in  fig.  7.  The 
bulbs  A  and  B  were  totally  immersed  in  large  gla^s  beakers 
containing  clear,  distilled,  acidulated  water.  The  air  pressure 
in  the  bulbs  was  a  little  less  than  2""".  Instead  of  the  small 
alternator  a  large  alternating  current  machine  fed  the  primary. 
On  closing  the  primary  circuit  the  discharge  between  the  bulbs 
started  long  before  the  resistance  box  K,  indicated  that  the 
e.  m.  f.  in  the  secondary  coil  had  reached  its  maximum.  The 
crimson  luminositv  was  vers"  soft,  steady,  and  distributed  in 
accordance  with  the  distribution  of  the  potential  which  one 
would  expect  in  an  electrical  system  of  the  above  description. 

Touching  the  narrow  tube  at  any  point  increased  the  lumin- 
osity below  the  point  touched ;  evidently  due  to  the  increase 
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of  the  static  capacity  at  that  point.  Dimiaishing  gradD&ll; 
the  e.  m.  f.,  the  luminosity  of  the  discharge  diminished  witb  it 
and  tlien  stopped  suddeoly  as  if  a  critical  point  liad  been 
suddenly    reacaed.     Reducing  the  e.  m.  f.  gradually  to  zero 


and  then  gradually  increasing  it  again,  it  was  found  that  the 
discharge  would  cease  at  a  point  much  lower  than  the  point 
at  which  it  would  start  again,  the  difEerence  between  tlic 
two  points  dimiiiisliiiig  considerahly  with  the  rapiditv  witli 
which  these  variations  were  made.     The  discharge  wiU  start 
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charge  would  start  this  time  was  smaller  than  in  the  first  case 
and  the  smaller  the  shorter  the  interval  between  the  time  of 
taking  the  bulbs  out  and  immersing  them  again.  This  diflfer- 
encc  18,  of  course,  due  to  the  improved  conductivity  of  the 
cas  and  this  again  may  in  a  certain  measure  be  due  to  the  rise 
in  temperature  of  the  gas  on  account  of  the  heating  effect  of 
the  discharge ;  but  only  in  a  small  measure,  for  the  bulbs  were 
under  water,  so  that  the  rise  in  temperature  must  have  been 
very  small.  Besides,  heating  the  bulbs  with  a  Bunsen  burner 
before  immersion  did  not  diminish  the  depth  at  which  the  dis- 
charge would  start  nearly  as  much  as  a  previous  discharge 
would,  no  matter  of  how  short  a  duration.  As  stated  above, 
the  discharge  may  be  started  far  below  the  critical  point  by 
touching  the  connecting  tube.  But  if  the  touch  lasts  only  a 
very  short  time  (a  fraction  of  a  second)  the  discharge  ceases  as 
soon  as  the  touching  conductor  leaves  the  tube.  In  this  man- 
ner the  vacuum  tube  may  be  made  to  blaze  up  in  quick  suc- 
cessions. 

This  behavior  of  the  discharge  at  all  pressures,  but  very 
much  more  striking  at  pressures  higher  than  the  pressure  under 
consideration,  seems  to  support  the  dissociation  theory  of 
Prof.  J.  J.  Thomson  (Phil.  Mag.  1891,  vol.  xxxii,  pp.  329, 
454,  455). 

II.    PHENOMENA  INDICATING  A  DISSOCIATION  OF  THE  MOLECULES. 

The  following  phenomenon  appears  to  be  an  additional  sup- 
port of  this  theory  : 

A  close  inspection  of  the  discharge  going  on  in  the  bulbs  A 
and  B,  fig.  8,  seemed  to  reveal  the  strange  fact  that  the  elec- 
trical flow  was  confined  to  a  thin  layer  of  the  rarified  gas 
which  is  in  immediate  contact  with  the  inside  surface  of  the 
bulbs,  especially  when  the  e.  m.  f.  was  not  too  far  above  the 
critical  point  and  therefore  the  supply  of  the  current  not  too 

f)lentiful.  To  all  appearances  there  was  a  gliding  film  of 
uminous  gas  in  each  bulb  extending  from  the  mouths  of  the 
connecting  tube,  spreading  over  the  inside  surfaces  and  ending 
at  the  bottom  of  the  bulbs  in  violently  agitated  luminous 
clouds  which  gave  the  discharge  a  hazy  appearance.  When 
the  vacuum  was  very  good  both  the  film  and  the  clouds  were 
absent.  There  was  no  suggestion  of  a  motion  on  the  part  of 
the  gas,  and  the  discharge  had  a  clear  luminosity.  To  study 
this  phenomenon  more  closely  the  following  experiment  was 
performed  : 

A  glass  bulb  a^  fig.  9,  blown  out  at  one  end  of  a  thick  glass 
tube  of  narrow  bore  was  filled  with   acidulated    water  and 
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{>laced  St  the  center  of  a 
arge  glass  bottle,  as  ia- 
dicatea  in  the  figare. 

A  wide  strip  \ch)  of 
tinfoil  was  placed  on  the 
outside  of  the  bottle, 
covering;  about  one-tbird 
of  the  surface.  The  air 
was  exhausted  through 
the  tube  d,  nntil  the 
preBeure  was  abont  3'". 
The  liquid  in  the  bulb 
a  and  the  tinfoil  were 
connected  to  the  eeeon- 
dary  poles  of  the  indoc- 
tion  coil.  When  the 
e  m.  f.  was  not  too  far 
above  the  critical  point 
the  discharge  was  in 
form  of  uumerone,  qniv- 
ering  Btreamers,  which 
looked  like  the  genera- 
tors of  a  conical  snrfaec 
with  the  center  of  buib 
a  as  vertex  and  the  edge 
of  the  tinfoil  as  directing  curve.  Tliere  was  no  visible  dis- 
charge between  tlie  bulb  and  the  central  parts  of  the  tinfoil. 
But  the  discharge  spread  out  and  gradually  approached  thwe 
parts  and  at  the  same  time  the  streamers  became  less  nnnicr- 
ous  and  steadier,  giving  the  discharge  a  more  diffused  appear- 
ance as  the  i^otcntial  gradually  increased.  When  the  e.  in.  f. 
wa.s  gradually  brought,  iiack  to  its  original  vahit;  the  discharge 
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But  if  thifl  increase  in  the  conductivity  is  due  to  a  rise  in 
the  temperature  of  the  gas  along  the  path  of  the  first  dis- 
charge and  to  nothing  else,  how  can  the  fact  he  explained  that 
a  long,  thin,  discharge  streamer  when  forced  through  a  poor 
vacuum  can  be  maintained  steady,  and  permanent  in  form, 
even  if  the  discharge  continues  for  several  minutes?  It 
should  broaden  out  continually  and  become  more  and  more 
diffused  as  the  adjacent  particles  of  the  air  get  heated.  In  my 
experiments  on  solitary  discharge  streamers  in  poor  vacua  (see 
this  Jonmal,  April,  1892),  I  did  not  observe  any  appreciable 
widening  out,  but  I  did  observe  a  phosphorescent  halo  around 
the  streamer  which,  as  Prof.  J.  J.  Thomson  assumes,  (1.  c.) 
was  very  probably  due  to  dissociated  oxygen  molecules  that 
were  ejected  from  the  path  of  the  discharge.  (See  further 
below  the  effect  of  a  blast  on  a  discharge  streamer). 

Still  another  experiment  which  shows  that  something  of  the 
nature  of  a  dissociation  of  the  gas  molecules  is  going  on  along 
the  path  of  the  discharge.  A  thick  German  silver  wire,  60*°* 
long,  was  bent  zig>zag  fashion  into  12  zig-zag  parts  and  placed 
in  horizontal  position  at  the  bottom  of  a  bottle  like  the  one  in 
fie.  9.  A  wire  passing  through  a  rubber  stopper  in  the  neck 
of  the  bottle  connected  this  zig-zag  electrode  to  one  of  the 
poles  of  the  induction  coil.  The  other  electrode,  a  small 
Drass  sphere,  was  vertically  above  the  zig-zag  electrode,  imme- 
diately under  the  rubber  stopper.  The  shortest  distance  be- 
tween the  two  was  about  30*".  The  vacuum  was  about  3"*™. 
The  discharge  started  between  the  nearest  pointR  of  the  elec- 
trodes^ that  18  between  the  lowest  point  of  the  sphere  and  one 
extremity  of  the  zig-zag  electrode.  It  had  the  form  of  a  band 
about  3*"  wide,  intensely  luminous  at  each  end,  but  only  very 
faintly  luminous  along  the  intervening  three-fourths  of  its 
length.  The  length  of  the  less  luminous  interval  increased 
with  the  decrease  of  the  e.  m.  f.,  but  diminished  with  the 
increase  of  the  gas  pressure;  it  also  seemed  to  have  a  different 
color,  but  I  did  not  care  to  examine  this  point  more  closely. 
The  phenomenon  that  interested  me  more  was  the  gradual 
creeping  of  the  discharge  along  the  zig-zag  electrode  from  one 
of  its  extremities  towards  the  other.  It  did  not  increase  in 
breadth  but  left  its  trail  along  the  zig-zag  electrode  in  form  of 
a  faintly  luminous  halo  which  surroniidod  this  electrode  just 
like  a  narrow  luminous  tube.  Both  the  color  and  the  gradual 
lateral  motion  of  the  discharge  reminded  me  very  much  of  the 
aurora  borealis  of  Feb.  13th,  1892.  (In  this  connection  it  is 
well  to  remark  that  when  the  e.  m.  f.  is  below  the  critical 
point  this  auroral  discharge  can  be  started  by  powerful  disrup- 
tive discharges  of  a  Leyden  jar  in  its  vicinity.  This  in  con- 
nection with  observations  on  coronoidal  discharges  given  in  the 
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latter  part  of  this  paper  may  perbape  fnrnish  a  cine  in  tracing 
tlie  connection  between  snnspote  and  auroral  discbai^fee). 


III. 


An  intereetmg  phenomenon  was  observed  in  the  experiment 
with  bulbB  A,  B,  tig.  8,  when  the  vacunm  was  diminiEbed  bv 
turning  a  stop-cock  C  eeveral  times  around.  The  vacuum  pre?- 
sure  was  about  20""°.  The  induction  coil  bad  to  be  strained 
considerably  to  force  a  discbarge  through  the  long  glass  tube. 
Tbe  discharge  looked  like  a  luminous  jet  shooting  from  the 
tube  into  the  bulbs,  and  in  its  path  around  the  comers  it  seemed 
to  strike  against  the  necks  of  the  bulbs  at  a  and  b  from  whicli 
points  it  was  reflected  and  glided  along  the  surface  toward? 
tbe  points  e  and  f.  Inside  of  the  bulbs  the  jet  oscillated 
rapidly;  it  was  also  split  up  in  several  parts,  each  part  consi$i- 
ing  of  numerous  more  or  less  intense  streamers.  A  slight 
modification  in  the  curvature  of  the  necks  niodifled  the  general 
outline  of  the  luminous  jet  without  changing  its  general  charac- 
ter. With  the  increase  of  the  gas  pressure  tiie  phosphorescence 
appeared  and  seemed  to  be  strongest  at  a  and  t.  It  was  ven 
strong  in  the  tube  C,  leading  to  the  stop-cock,  although  lliif 
tube  was  entirely  free  from  the  discharge  proper.  The  height 
to  which  the  phosphorescence  rose  in  this  tube  increased  with 
tbe  current.  Every  slight  variation  in  the  current  strength 
caused  a  simultaneous  variation  in  the  lieight  of  the  phos|ilior- 
eseent  column  in  C.  (When  tbe  discharge  ceased  there  was  a 
strong  phosphorescent  after-glow  all  along  the  long  tube).  A 
similar  behavior  on  the  j>art  of  the  phospiioresceut  gas,  which 
I  observed  in  the  experiment  described  in  this  Jonmul,  April, 
lSrt2,  IgaiIs  to  tlic  conclusion  that  the  pbospborescent  gas  i 
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it  was  made  to  swing  back  and  forth  as  if  acted  upon  by  a  wind 
coming  from  the  path  of  the  discharges.  This  action  was 
hardly  perceptible  in  high  vacua  but  increased  quite  consider- 
ably with  the  increase  of  the  gas  pressui*e.  It  may,  however, 
be  due  to  a  great  variety  of  causes,  like  peculiar  distribution 
of  pressures  due  to  a  peculiar  distribution  temperature ;  so- 
called  apparent  (in  my  case  continually  varying)  electrostatic 
charge  over  the  surface  of  the  mica,  etc. 

IV.       ON    CORONOIDAL     DISCUARGKS. 

Wishing  to  perform  additional  experiments  which  could 
throw  some  more  light  on  this  particular  feature  of  the  dis- 
charge, I  constructed  the  apparatus  given  in  fig.  10.     A  large 

Fia.  JO 


glass  bulb  was  coated  with  tin  foil  along  those  parts  of  its  ex- 
ternal surface  which  would  approximately  correspond  to  its 
temperate  zones,  its  neck  being  one  of  the  i)oles.  This  tinfoil 
coating  had  a  wire  g  attached  to  it  by  ineiins  of  which  it  could 
be  connected  to  the  pole  of  the  induction  coil,  and  serve  as  an 
electrode  of  the  bulb.  The  other  electrode  was  a  brass  sphere 
a  attached  to  a  brass  rod  h.  This  brass  rod  was  surrounded  by 
a  glass  tube  c  d  and  the  space  between  the  two  was  filled  with 
sealing  wax.  In  this  arrangement  the  pressure  could  be  varied 
between  very  wide  limits  (up  to  about  100'"™)  without  running 
the  risk  of  refusal  on  the  part  of  the  induction  coil  to  force  a 
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discharge  throDgh.  A  camera  was  placed  in  front  of  the  balb 
ae  indicuted  in  tig.  1 0,  and  the  discharges  photographed.  Figs. 
1,  2,  3,  4,  5,  6,  (in  the  plate  facing  p.  462)  are  photographs  of 
the  discharges  obtained  in  thie  manner  but  in  varions  d^reeE 
of  raritication. 

I  shall  discuss  the  discharge  given  in  fig.  6  first.  In  this  case 
the  vacuum  was  very  poor  (aooot  SU""  preesnre).  The  dis- 
charge started  in  the  form  of  four  large  streamers  together  with 
a  very  large  number  of  short  luminous  jets,  which  were  more 
or  less  unifonnly  distributed  over  the  spliere.  In  consequence 
of  these  jets  the  appearance  of  the  spnere  reminded  one  rery 
ranch  of  the  granular  structure  of  the  sun's  disc  as  revealed 
by  Rutherfurd's,  Janssen's,  and  Vogel's  photographs  of  the 
sun.  Very  luminous  spots  appeared  from  time  to  time  at  sev- 
eral points  of  the  surface,  which  reminded  one  very  much  of 
the  sun's  faculee.  Both  the  jets  and  the  large  streamers 
rotated  rapidly.  This  rotation  is  indicated  very  plainly  in  tiie 
photograph  ;  for  the  number  of  streamers  in  eacli  wing  repre- 
sents the  number  of  maxima  in  the  alternating  discharge  dnr- 
ing  the  time  of  the  exposure,  which  was  a  dmall  fraction  of  a 
second.  The  thickest  streamers  indicate  the  place  where  the 
discharge  started.  It  is  evident  that  the  streamers  were  die- 
tributed  nearly  symmetrically  over  the  sphere  at  the  start  of 
the  discharge  and  that  tlien  one-half  of  them  were  graduailv 
and  almost  uniformly  displaced  in  the  direction  of  motion  of 
the  hands  of  a  watch,  the  other  held  in  the  opposite  direction. 
The  peculiar  curvature  of  some  of  these  streamers  indicates 
the  presence  of  two  kinds  of  motion,  one  a  translational  along 
the  prolongRtion  of  the  radii  of  the  small  sphere  and  the 
other  a  rotational.  It  was  this  rotational  motion  which  led  me 
to  assume  that  there  must  be  some  sort  of  repulsive  action 
between  the  streamers  of  a  vacuum  discharge.     The  existence 
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all  along  the  inside  surface  of  the  large  glass  bnlb,  which  is 
below  the  tinfoil  coating,  there  is  a  hazy  luminosity  which  in- 
creases with  the  increase  of  the  discharge,  and  which  to  all 
appearances  is  due  to  an  accumulation  of  incandescent  gas 
molecules  which  had  impinged  against  and  were  reflected  by 
the  surface  of  the  bulb. 

If  the  inside  end  of  the*  exhaust  tube  <?,  fig.  10,  is  lowered, 
so  that  it  reaches  the  region  of  the  discharge  it  is  observed 
that  from  time  to  time  the  incandescent  gas  shoots  through 
this  tube  toward  the  stop-cock  way  out  of  tlie  bulb. 


EFFECT    OF   A    BLAST   ON   A    DISCIIAKGE    STBEAMEBS. 

Granting  that  there  is  a  translational  motion  along  the  path 
of  the  streamer  it  follows  that  a  rectilinear  streamer  may  be 
transformed  into  a  curved  tme  by  imparting  to  the  gas  in  each 
part  of  its  path  a  component  velocity  perpendicular  to  its 
original  velocity.  This  infei-ence  was  confirmed  by  the  fol- 
lowing experiment : 

Fiff  // 


Two  bulbs  A  B  (fig.  11)  coated  with  tinfoil  on  the  outside 
(the  electrodes  of  the  system)  communicated  with  a  reservoir 
(which  I  call  the  principal  reservoir)  by  means  of  glass  tubes 
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i  0  of  narrow  bore.  An  L-sliaped  tube  a  with  «  small  orifice 
was  fitted  by  means  of  a  rubber  stopper  into  tlie  neck  of  the 
reservoir.  By  means  of  this  tube  and  the  tube  d  of  the  prin- 
cipal reservoir  conimunicated  with  two  other  reservoirs,  which 
I  oall  the  external  reservoirs. 

Tlie  external  reservoir  connected  with  d  commnmcated 
with  a  mercury  pump.  When  the  exhaustion  had  reached 
the  point  at  which  a  steady  rectilinear  discharge  conld  be 
forced  from  J  to  c,  a  stopcock  connecting  d  to  its  external  re?- 
ervoir  was  shnt  off  and  the  exhaustion  continued  until  a  good 
vncnnm  was  obtained  in  the  external  reservoir  d.  The  dis- 
charge was  then  started.  It  was  a  perfectly  steady,  narrow, 
rectilinear  column  of  crimson  luminosity,  surrounded  by  a 
phosphorescent  ellipsoidal  column.  But  as  soon  as  the  above 
mentioned  stopcock  was  turned  on,  the  blast  coming  from  the 
orifice  a  played  up  the  column  and  tbe  rectilinear  path  hecamt: 
curved  at  the  point  where  the  blast  was  acting.  The  dis- 
charge acted  as  if  it  bent  around  to  get  out  of  the  way  of  the 
blast.  Tlie  observation  that  the  effect  of  the  blast  upon  the 
phosphorescent  colunm  was  incomparably  stronger  than  npon 
the  crimson  column  needs  no  comment.  The  weaker  the  dis- 
charge the  stronger  is  the  effect  of  the  blast,  and  vice  verfu 
The  effect  of  a  blast  upon  the  oscillatory  spark  discharge  of  a 
powerful  Leyden  jar  battery  is  not  perceptible. 

In  discharges  through  very  poor  vacua  the  heating  effect  is 
very  unequally  distributed  throughout  the  vacuum  jar.  The 
temperature  at  certain  points  is  enormously  higher  than  at 
others.  The  result  is  that  a  very  violent  motion  of  the  gas  is 
set  up,  which  motion  may  sometimes,  on  account  of  the 
effects  pointed  out  in  the  last  experiment,  produce  streamers 
of  double  curvature. 

during  an  experiment  with  the  apparatus  given 
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throngli  poor  vacua  and  those  of  the  solar  corona,  and  for  the 

Earpose  of  pointing  out  this  similarity  to  others  otherwise  than 
y  verbal  description,  only,  I  resolved  to  photograph  these 
discharges  under  conditions  similar  to  those  under  which  the 
solar  corona  is  observed.  Photographs  1,  2,  3,  4,  5,  6  are  the 
result 

The  discharges  were  obtained  with  the  apparatus  given  in 
fig.  10.  The  only  additions  were  that  a  circular  tinroil  disc 
was  pasted  on  the  outside  of  the  large  bulb,  in  the  line  of  sight 
between  the  camera  and  the  brass  sphere  a.  The  diameter  of 
this  disc  was  about  equal  to  that  of  the  brass  spliere.  Also, 
the  inside  surface  of  the  large  bulb  wliich  formed  the  back- 
ground of  the  brass  sphere  was  blackened  by  means  of  cam- 
phor smoke  to  avoid  reflections.  The  discharge  in  fig.  1  is 
that  of  a  good  vacuum  (about  2"""),  the  succeeding  ones  repre- 
sent discharges  in  poorer  vacua,  the  pressures  varving  between 
3™  and  60°^°^. 

The  bearing  which  these  experimental  results  may  have 
upon  the  theory  of  the  solar  corona  I  prefer  to  leave  to 
others  to  decide.  That  they  may  prove  a  suggestive  guide  in 
the  study  of  solar  phenomena  seems  not  unreasonable  to 
expect. 

I  am  greatly  indebted  to  Professor  John  K.  Rees  for  the 
interest  wliich  he  took  in  mv  work,  and  to  Mr.  Mann  of  the 
Columbia  Colleo:e  Observatory,  for  the  very  valuable  service 
which  he  rendered  me  in  photographing  the  coronoidal  dis- 
charges. 

Department  of  Electrical  Engineering,  Columbia  College, 

March  31st.  1892. 


Art.  LX. — On  thr  liifhidium  and  Potassuna  Trihalides  y 
by  H.  L.  Wells  and  H.  L.  Wheeler.  With  their  Crys- 
taUograjdiy ;  by  S.  L.  Penfield. 

The  discovery  of  a  series  of  ciesium  trihalides'^  has  led  the 
writers  to  investigate  the  analogous  rubidium  and  potassium 
compounds.  The  following  table  gives  a  list  of  the  bodies 
which  we  have  been  able  to  prei)are,  together  with  the  caesium 
series  for  comparison.  The  com})ound  KI .  I^  had  been  previ- 
oaslj  prepared  by  John.son.f 

•On  a  Series  of  Ca?aium  Trihalides,  by  II.  L.  Well?;  inoluding  their  Crystal- 
logrephv,  by  S.  L.  Penfield.     This  Journal,  HI,  xliii,  17. 
t  J.  Chem.  Soc.,  1877,  U49. 
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Cal.I,  Rbl.L  KI.I, 

CflBr.I,  

CeBr .  Brl  RbBr .  Brl  EBr .  BrI 

CoCI.Brl  RbCl.BrI  

CbCI  .  ClI  RbCl .  Cil  KCl .  Cil 

C«Br.Br.  RbBr.  Br,  


CsCl.Br,  RbCl.Br,  

CsCl .  ClBr  RbCI .  OBr  

It  is  to  be  noticed  that  there  ie  bat  one  member  lacking  in 
the  rabidiain  series  to  make  it  ae  complete  as  that  of  cteEiuin. 
"VTe  have  repeatedly  tried  to  prepare  (his  compound,  RbBr.l, 
nsing  alcoholic  eolntionE  of  varying  strength  and  great  con- 
centration at  low  temperatores,  but  with  no  success.  Tbe 
failure  to  make  this  body  donbtlese  depends  opon  the  com- 
parative instability  of  the  rabidinm  series.  We  have  eren 
attempted  to  prepare  RbCl ,  I,  and  BbCl .  CI,,  corresponding 
to  which  no  ciesiam  compounds  could  be  made,  bnt,  ae  wa: 
anticipated,  these  efforts  were  entirely  without  Enccess. 

In  the  potassiniu  series  only  those  bodies  could  be  prepared 
which  correspond  to  the  more  stable  cfesinm  and  ruhidium 
compounds.  Tbey  show  a  ^reat  decrease  in  stability  io 
comparison  with  tbe  rubidimn  compounds.  A  product  wai 
obtained  at  a  verv  low  temperature,  which  was  probablv 
KBr .  Br^  hut  we  did  not  make  a  satisfactory  analysis  of  it. 

We  have  attempted  to  prepare  a  number  of  sodium  and 
lithium  trihalides.  There  is  no  doubt  that  some  of  them  exist, 
but  they  arc  so  extremely  soluble  and  unstable  that  we  Iiave 
abandoned  work  in  this  direction. 

Mitbiid  of  Prejraratfon. —  Tbe  rubidium  and  potassinm 
compounds  are  made,  like  the  ciEGinm  series,  by  dissolving! 
normal  haiide  with  the  proper  tfalogen  or  halogens  in  wattr 
with    ttie   aid  of    lit-at    :iiid    oonliu!;   to   crvi-lalF 
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that  have  been  prepared  the  color  becomes  lip^hter  as  the  sum 
of  the  atomic  weights  of  the  three  halogen  atoms  decreases. 

Stability. — It  has  been  found  by  experiment  that  the  potas- 
sium trihalides  are  much  less  stable  on  exposure  to  the  air 
than  the  corresponding  rubidium  compounds,  while  these  in 
turn  are  less  stable  than  the  members  of  the  caesium  series. 
The  same  relative  stability  of  the  three  series  is  shown  by  the 
temperatures  at  which  they  are  completely  decomposed  by 
rapia  heating  as  given  below : 

Approximate  temperature  of  whitening, 

Csl .  I,  330°  Ilbl .  I,  270°  KI .  I,  225° 

CsBr .  BrI  320°  RbBr .  BrI  205*>  KBr.  BrI  180° 

CsCl .  ClI  290°  libCl .  ClI  265°  KCl .  ClI  215° 

CbCI  .  BrI  290°  RbCl .  BrI  200°  

CsBr. Br.  160°  RbBr.  Br,  140°  

CsCl.ClBr  150°  RbCl.ClBr  110°  

CsCl.Br,  150°  RbCl.Br,  80°  

Fusibility. — The  melting-points  of  the  analogous  compounds 
become  lower  from  caesium  to  potassium.  In  the  open  capil- 
lary tube  Rbl .  I,  melts  at  194°  and  RbCl .  ClI  at  L>08°,  while 
all  the  other  rubidium  compounds  whiten  without  melting. 
The  potassium  compounds  give  practically  the  same  melting- 
points  in  open  as  in  sealed  tubes.  The  following  table  gives 
the  approximate  melting-iK)ints  in  sealed  tubes  : 

CbI  .  I,  20 1  °-208°  Rbl .  I,  1 90°  KI .  I,  38°* 

CsBr .  BrI  243°-248°  RbBr .  BrI  2J5°  KBr .  BrI  60° 

CsCl .  ClI  225°-230°  RbCl .  ClI  1 8O°-200"  KCl .  ClI  60* 

CsCl .  BrI  225°-235^  RbCl .  BrI  205°  

CsBr  .  Br   180°  RbBr .  Br,  whitens  

CsCl .  ClBr  205°  RbCl .  ClBr  whitens  

CsCl.  Br,  191°  RbCl.Br,  76°?  

Beluivior  xoith  Solvents, — The  extreme  sc)lul)ility  of  the 
rubidium  and  potassium  trihalides  in  water  luis  already  been 
referred  to,  and  it  has  been  j)ointed  out  that  the  members  of 
the  potassium  series  are  the  most  soluble.  Tlie  rubidium 
compounds  which  contain  iodine  can  be  recrystallized  from 
water  without  difficulty.  These  four  Ixxlies  containing  ru- 
bidium and  iodine  are  sufficiently  stable  to  be  soluble  in  alco- 
hol, while  the  remaining  rubidium  compounds,  as  well  as  all 
the  potassium  compounds,  are  more  or  less  readily  decomposed 
by  alcohol  with  the  separation  of  normal  halides.  Ether 
decomposes  all  the  rubidium  and  potassium  compounds,  leav- 
ing normal  halides  undissolved. 

*  JohoBon  ^ves  45''  for  tho  melting-point  of  this  compound  (I.  c.) 
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GryataUography. 

The  rubidium  trthalides  crystallize  in  the  orthorhomtiic 
Bystem  and  are  isoniorphooB  with  the  correspODdiog  ciegiDm 
comporinda,  showing  a  close  similarity  both  in  cryetalTine  habit 
and  in  axial  ratios. 

The  forma  which  have  been  observed  are 

a,  100,  i-l  rf,  Oil,  1-1 

b,  010,  i-\  f,  021,  2-i 

c,  001,    O  e,  102,  i-i 
m,  no,  /                     p.  Hi,  1. 

With  the  exception  of  the  pyramid  p,  which  was  observed 
as  a  small  face  only  on  Rhl .  I„  these  are  the  same  as  veK 
observed  on  the  creeium  trihalides,  while  the  brachydoioo  'j, 
012,^4  which  was  found  only  on  Csl .  I„  was  not  observed  on 
any  of  the  rubidium  compounds. 

Of  the  three  potassium  trihalides,  which  were  examined, 
only  one,  KBr .  uri,  was  orthorhombic,  like  the  ca'siiiin  aiwt 
mbidium  compounds.  The  others,  KI .  I,  and  KCI .  ClI.  art 
monocHnic,  but  they  can  be  referred  to  axes  which  are  similar 
to  those  of  the  orthorhombic  series. 

The  cleavage  of  the  rubidium  trihalides  is  perfect  paralkl  to 
(.',  less  perfect  parallel  to  a ;  neither  is  easily  prodaced.  The 
crystals  arc  very  brittle  and  usually  break  with  a  conchoidal 
fracture.  The  potassium  trihalides  are  exceedingly  brittle  and 
no  cleavage  was  observed.  The  optical  properties  were  not 
studied,  owing  to  the  difficulty  of  preparing  orientated  sections. 

In  the  following  table  the  axial  ratios  of  all  of  the  alkali- 
metal  trihalides  arc  given,  arranged  as  in  the  ciesiuin  paper. 
In  the  tabic  of  angles,  those  whica  were  chosen  as  fnndameD- 
tal  are  marked  by  an  asterisk. 

Scries  with  iodipi 
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Series  without  iodine. 


j  CsBr.Br, 

0-6873:  1:  1-0681 

:  1-4550:  1-5396 

(  RbBr .  Br, 

0-6952:  1  :  1*1139 

1-4384:  1-6023 

j  CsCl .  Br, 

0-699    :1:    

1-430    :     

(  RbCl.Br, 

0-70      :1:  1-1269 

1-43      :  1-61 

j  CsCl-ClBr  O-nsO:  1:1-1237 

1-3917  :  1-5638 

\  RbCl .  ClBr 

0-7146:1  : 1-1430 

1-3994:  1-5995 

w  A  w,  110  A  lio 

d^d,  Oil /s  Oil           «A«,  102  A  102 

Hbl .  L 

*68<»  53' 

*96°  39' 

78°  38' 

KI.T 

*70    34 

RbBr.BrI 

70    58 

*98    40 

*78    27 

KBr.BrI 

71    12 

*98    55 

78    28 

RbCl .  BrI 

72      2 

*99    lOi 

*77    51 

RbCl .  CU 

72    34 

*100    13 

♦78    21 

KCI.CII 

72    54 

*79      8 

RbBr .  Br, 

*69    37 

*96    10 

77    24 

RbCl .  Br, 
RbCl .  ClBr 

*70  approx. 

*96    58 

76  approx 

71      6 

♦97    38 

*77    18 

A  comparison  of  the  axial  ratios  of  the  trihalides  shows  that 
the  replacement  of  csesium  by  rubidium,  and  in  one  case  by 
potassium,  has  little  or  no  effect  on  the  form,  while  in  two  of 
the  compounds  potassium  causes  a  change  in  symmeti-y  with- 
out much  change  in  the  axes.  It  is  evident  that  the  rubidium 
salts  like  those  of  csesium  may  be  arranged  in  two  symmetrical 
series,  one  with  and  the  other  without  iodine,  in  which  the 
ratio  of  two  axes  remains  nearly  constant  throughout  while 
the  third  varies,  and  the  conclusions  which  were  arrived  at  in 
our  previous  paper  concerning  the  constitution  of  the  caesium 
trihalides,  are  confirmed  by  the  rubidium  compounds. 

The  rubidium  trihalides  have  a  strong  tendency  to  crystal- 
lize and  the  solubility  is  such  that,  from  solutions  of  not  over 
50  C.C.  in  volume,  large  and  magnificent  crystals,  several  centi- 
meters in  length,  can  readily  be  obtained.  The  size  of  the 
crystals  seems  often  dependent  only  ui)on  the  volume  of  the 
solution  and  the  size  of  the  vessel  containing  it.  Many  of  the 
large  crystals  are  complex,  being  built  up  of  smaller  ones  in 
parallel  position.  Some  of  the  crystallizations  were  as  beauti- 
ful as  any  that  we  have  ever  seen. 

The  rubidium  trihalides  containing  iodine  were  measured  at 
ordinary  temperatures ;  those  without  iodine  and  the  potassium 
trihalides  at  about  0^  C.  It  was  found  that  the  stability  of  the 
compounds  increased  very  rapidly  with  a  diminution  in  tem- 
perature and,  by  working  in  the  cold,  no  difliculty  was  experi- 
enced in  making  accurate  measurements  of  the  more  unstable 
salts.     It  is  not  considered  necessary  to  give  with  each  trihalide 
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a  table  of  laeasnred  and  calculated  angles,  bnt  in  all  cases, 
where  a  eeriea  of  accurate  ineasnremeDts  were  obtained,  they 
agreed  closely  with  t)ie  calculated. 


Bbl.  /,.  The  forms  J,  c,  m,  d,  f,  e  and  p  were  observed. 
Of  tliese^  and  p  were  always  small  and  frequently  wantinff. 
The  habit  is  shown  in  fig.  1. 

JibBr .  BrI.  The  forms  of  a,  c,  m,  d  and  e  were  ol«erved. 
The  habit  ie  ebown  in  fig.  2. 

RhCl .  BrI.  The  forms  a,  d  and  e  were  observed.  The 
pinacoid  a  is  nsnally  wanting  and  the  simple  habit  shown  in 
Jig.  3,  prevails. 

"'"""""'  '       '  :  observed.     The 


>,  m,  d  and  /  were  observed. 


JihVl.  CIT.     Tlie  forma  a,  rf  and  e  ' 
babit  is  shown  in  fig,  4. 

libBr .  Br,.     The  forms  i 
The  habit  is  shown  in  fig.  5. 

RbOl .  Br^  The  forma  S,  e, )«.  d  and  e  were  observed.  The 
habit  is  shown  in  fig.  6.  The  tendency  of  this  salt  is  to  crvstal- 
lize  in  small  scales;  it  is  also  the  raost  unstable  of  the  rubidium 
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ST.  ly  ThiB  OGcnrs  in  very  Himple  raonoclinic  crystata  If 
the  solntion  is  cooled  elowly  it  forms  in  stout  prisms,  but  by 
rapid  cooling  a  net  work  of  fine  necdiet*  ]><  obtained.  In  order 
to  make  this  salt  and  the  monoclinic  KOI .  Oil  conform  to  the 
position  which  has  been  adopted  for  the  ortliorhombic  tribal- 
ides  it  is  necessary  to  deviate  from  the  ordinary  cnstom  and 
make  tbe  clino-axis  slope  from  riglit  to  loft  instead  of  from 
back  to  front  Tbe  faces  are  taken  hs  A,  010,  i-i;  c,  001,  Oand 
m,  110,  /,  The  crystals  are  not  sufficiently  moditied  to  deter- 
mine more  than  two  axes,  but  takin;;  as  fundamental  measure- 
ments, i^m,  OlO^^  110=  .'>+'* +3' and '■/^'r  (roi'ntrant  angle  of 
twin  crystal)=  fi°  25'  tbe  following  axial  ratio  is  obtained  a;b 
=  '7005: 1  ;  ((  =  010^001  =  86°  47^'.  The  angle  m,^c,  110 
,\001,  was  measured  HI"  TiS' and  BP  50',  calculated  91°  51'. 
Fig.  7  represents  a  twin  cr)'stal  in  tbe  above  |>osition.  Fig.  8 
represents  a  simple  crystal  in  the  ordinary  monoclinic  position, 


with  «  as  the  clino  axis.     Tbe  axial  ratio  for  this  portion  is, 
d:h=  1-4154:1;  ;9=K6°47i'. 

KBr .  BrI.  The  forms  «,  ft.  n,  iJ,  f  and  r  were  observed. 
The  habit  is  shown  in  fig.  H.  This  salt  differs  from  all  of  the 
other  alk.tli-mctal  trihalides  in  having  the  brachy  prism  n,  120, 
i-2,  instead  of  the  unit  prism  m.  The  fumlaitii^ntal  measure- 
ments were  a^n  100/^T.iO=  .if)°4'and  '//s'/.  Oil  ^Otl,  =  m° 
56'. 

KC'l.  VI].     This  crystallizes  in  long  nccfllcs  Iwlnnging  to 

the  monoclinic  svstem,  tig.  10.     TakiTig  /■  as  tbe  clino  asiei,  the 

,0      '  forms  are  .».  UlO,  i'l ;  /-,  (HO,  i-1 ;  <\ 

_.', --^,.-,     001,  0;   ;r.  0:*-'.   ^7,  and  -■,   lOii.  iA. 

~        "    W-'l  The   measurements   taken   an   fnnila- 
— tt-izj::^'^^ '' /  mental  arc  r^./'.  nOl/vOlO  =  ilC"  4o', 
'■    f^f,    102.^T0a  =  7!i''    S',   and   cy^x, 
001^032  =  il(i°  Si/  from  whicli  the 
following  axial  ratio  was  calculated,  « :  6  :  tf='73;35  : 1 :  1*2204, 


482  WsUg,   Wheeler  and  Penjield — Itttbidium  and 

a  =  83°  20',  If  taken  in  tlie  ordinary  monoclinic  poeitiou  wilb 
e  ae  the  prism  110  and  x  as  the  orthodome  lOl,  the  axial  nt» 
from  the  above  meOBnrementB  becomes  o:  J:c=  ■8319:1:"45H 
^  =  83°  20'. 

Method  of  Analysis. 

The  methods  used  for  the  analjses  of  the  potassium  ud 
mbidinm  trihalides  were  exactly  the  same  as  those  mentiomd 
in  the  article  on  ceesiura  trihalidcB.  ' 

The  crystals  were  prepared  for  analysis  by  pressing  between 
papers  and  at  the  same  time  crushing  them  Bomevchat.  In 
some  cases,  where  the  bodies  were  very  easily  decompoed, 
this  was  done  in  cold  weather  out  of  doors,  but  even  with  this 
precaution  it  was  not  possible  to  dry  them  very  thoroughly  or 
to  avoid  a  considerable  amount  of  decomposition. 

Rbl.I,. 
This  body  can  be  prepared  by  dissolving  55  ^.  of  rubidium 
iodide  in  enongh  water  to  make  a  solution  of  50  c.c.,  adding 
60  g.  of  iodine,  warming  until  solution  takes  place  and  cooling 
to  ordinary  temperature.  A  mass  of  large  crystals  in  parallel 
position,  forming  steps,  is  usually  formed. 

Calculated 
Analysis  gave  for  Ebl .  I;. 

Rubidium 18-32        18-32  18-33 

Iodine Bl-07  81-67 

A  specific  gravity  determination,  made  in  the  motbcr-liqaor 
at  22°  gave  the  number  4-03.  This  cannot  be  considered  very 
exact  on  account  of  the  difficulty  of  obtaining  the  mother-licjuor 
in  such  a  condition  tliat  it  neiuier  dissolves  nor  depMMits  the 
substance.  A  sample  of  mother-liquor,  of  specific  gravity  2'lfl, 
1  found  tu  .■oiitiiiii  l-r.l  ".  i-.f  RIJ.I,  in  1  (>.o.     The  com- 
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Calculated 
Analysis  gave  for  RbBr  .  Brl. 

Rubidium 22*79  22'95 

Bromine 4510  42*95 

Iodine   31-11  34*10 

.n  approximate  specific  gravity  determination,  made  with 
motner-liquor,  gave  the  number  3'84.  An  analysis  of  the 
her-liquor  showed  that  it  contained  about  44  per  cent  of 
ir .  BrL  The  mother-liquor  of  the  corresi)ondinff  ceesinm 
pound  contained  only  4*45  per  cent  of  CsBr .  BrL 

Rh  CI .  BrL 

his  body  can  be  made  by  adding  27  g.  of  bromine  and  42  g. 
>dine  to  a  saturated  aqueous  solution  of  40  g.  of  rubidium 
ride,  warming  until  all  is  in  solution  and  cooling.  It  forms 
nificent  crystals  which  can  be  readily  recrystallized  from 
3r.  Unlike  the  corresponding  ctesium  compound,  it  does 
change  its  composition  by  recrystallization,  hence  it  is 
lable  that  it  is  a  true  chemical  compound  and  not  a  mixture 
16  isomorphous  bodies  KbBr.  Brl  and  RbCI .  ClI. 

Analysis  gave, 

Original  6th  recrys-  Calculated 

cTvstals.  tallizatioD.  for  RbCl  .  Brl. 

Rubidium 2'6*G7  27*34  2606 

Chlorine 10*155                 10*82 

Bromine 24*89                 24*39 

Iodine 38*13                 38*72 

EbCl.  VIL 

convenient  method  for  preparing  this  compound  is  to 
chlorine  into  a  warm,  concentrated  solution  of  rubidium 
ride,  containing  the  calculated  amount  of  iodine,  until  the 
ie  is  just  dissolved.  If  too  much  chlorine  is  used,  the 
pound  RbClJ  is  formed,  which  we  shall  describe  in  a 
re  article.  It  is  best  to  stop  adding  chlorine  while  the 
tion  is  still  colored  red  by  iodine.  On  cooling  the  liquid 
X)m pound  separates,  usually  in  large  fiat  groups  of  ])arallel 
tals. 

ralculatod  for 
Analysis  gave  R1)(M  .  CIT. 

Rubidium 29-85  30*15 

l^hlorine 2408  25*04 

Iodine.. 44*68  44*79 

RbBr,  Br ^, 

ais  can  be  prepared  by  adding  41)  g.  of  bromine  to  45  c.c. 
n  aqueous  solution  containing  oO  g.  of  rubidium  bromide, 
ning  gently  until  bromine  dissolves,  then  cooling.  It  usually 
18  a  mass  of  large,  brilliant,  red  crystals  in  parallel  i)Osition. 


4b*  W^U.   Whe^ltT  Md  Pini^t.i—BtM>iitm  4m./ 


Rnbi'linm ij-^ti  it* -« 

Bromioe T3i>9  73  7:1 

Tbi3  iKfdv  is  prepared  by  adding  bromioe  to  a  warm,  an 
rated  ifilotioQ  uf  rnliidiom  citloride  antil  i<>me  bn>taLD«  r- 
mains  nndia^^tved  and  cooling  to  a  low  teuiperstare.  Tlw 
impound  crystallizes  weil,  bat  it  is  the  mo«t  nitrtiblt  yf  the 
seven  mbidinm  trihalides  that  have  been  preparvl.  ud 
althongh  it  was  not  fnliv  dried,  the  sample  used  for  analvsi: 
fnSered  a  considerable  amount  of  decomposition. 

Analytis  gsre  Bb«n .  Bt;! 

-  Kiibidium   S2'57          34>-4:> 

Chbirine UMB          14-44  n-^i 

ItromiDC 49-04  '       49-40  56-93 

In  one  attempt  to  prepare  this  t'ribalide  too  much  water  n^ 
uacd  aiwl  it  waa  Qec«6>Mry  to  evaporate  off  the  brotQine  Md 
concentrate  t)ie  si^lntion.  This  -operation  was  r¥peat<>tj  ievenl 
tinier,  after  fresh  additions  of  bromine,  I»efore  the  proiier  i>jii- 
ditions  wen;  arrived  at,  and  the  product  (inallv  obtaineii  n^- 
contaminated  with  libBr.Br^  ae  is  shown  by  the  follovioe 
analysefl : 

Calculated  for  CalciiUle<!  for 

Fouud.                BbCl.Bri.  BbBr  Bt^ 

Hubidium 28-78            30-42  2fi-i6 

Clhlorine 7-86           6-94             12-63  o- 

Bromine tfO-92         61-37            S6-93  73-73 

We  have  found  by  experiment  that  rubidiutn  chloridt^  i* 
parlly  clmnged  to  bromide  by  evaporating  an  aqueone  eolnlion 
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his  body  can  be  made  in  a  few  honrs  by  dissolving  the 
•retical  amount  of  iodine  in  a  hot  saturated  aqueous  solu- 
of  potassium  iodide  and  exposing  the  resulting  solution  to 
nter  temperature.  It  can  also  be  made  as  Johnson  states^ 
vaporating  the  solution  in  a  desiccator  for  a  long  time. 
Qson  states  that  he  always  obtained  a  crop  of  potassium 
ie  before  the  triiodide  separated.  We  have  never  obtained 
I  a  product,  .undoubtedly  because  we  have  invariably  used 
fficient  amount  of  iodine, 
was  not  considered  necessary  to  make  a  new  analysis  of 
body. 

KBr.BrL 

his  compound  can  be  prepared  by  making  a  very  concen- 
id,  warm  solution  of  the  calculated  amounts  of  potassium 
aide,  bromine  and  iodine,  and  exposing  it  for  some  time  to 
N  temperature.  The  product  used  for  analysis  was  well 
kallized,  but  it  suffered  rapid  decomposition  on  exposure 
le  air. 

Calculated  for 
A  Daly  Bis  g^ve  KBr  .  BrI. 

Potassium 12-21  11*99 

Bromine 51-25  51-61  49-08 

Iodine 30-42  29-11  38-94 

KCl.  ClI. 

3  prepare  this  substance,  chlorine  is  passed  into  a  warm 
[;nre  of  calculated  quantities  of  potassium  chloride  and 
16  in  the  presence  of  an  amount  of  water  inKiifficient  to 
)lve  the  potassium  chloride  even  when  hot.  The  Htream 
hlorine  is  stopped  as  soon  as  the  io^line  has  \h^'A\  conv#;rtrrd 
the  monochloride,  for  otherwise  Filhol's  well-known  tutxn- 
id  KCl.Cl.I  will  be  fonned.  Everything  is  then  din- 
3d  by  warming  and  cautiously  adding  wat^^r  if  n'f^refewiry 
the  solution  is  exposed  to  a  low  winter-temii^jratun?.  Tlie 
:al8  are  verv  unstable,  but  apparentlv  notqnit^;  a>j  much  ^o 
Br.  BrI. 

PoUssium . .    I  ry'1'4  J  r,:ir,  i  ^/  iu 

Chlorine :^7':>3  2700  2if  iM 

Iodine -SO^iT  r/rVi  i-'J'/'J 

tie  double-*alt  C«I .  A^I  wij.  tX^t^irWt^'A  \u  *'j,uu^/'X\'»u  whit 
caesium  trihalidfe  ai£  \j^lu'i!  I'^jftiorifhoui^  -A-ith  th<rm  **  far 
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OM  the  cryBtals  could  be  measured.  Much  work  has  siiice  b(« 
done,  witliotit  avail,  in  the  hope  of  obtaiDing  better  crptabrf 
tiiifi  compound.  Unsuccessful  efforts  have  been  miule  to 
obtain  measurable  crystals  of  all  the  eorreeponding  alw 
double  halidefi  (except  the  Huorides)  with  ciesiuui,  rabi(iiiin 
and  potasstnm.  Two  or  three  of  these  compounds  had  alnaJ; 
been  described  and  it  is  probable  that  we  could  have  proT* 
the  e-xistence  of  all  the  rest  of  them,  bnt  the  poorly  cijail 
h'zed  products  obtained  had  no  interest  in  this  connection  anl 
were  not  analyzed.  Repeated  efforts  also  failed  to  prodnn 
from  potassium  iodide  and  cuprous  iodide  a  double  gait  tlul 
could  be  measured. 


Theoretical. 

Arguments  were  given  in  the  article  on  the  caesium  seriw 
which  have  led  us  to  regard  the  trihalides  as  beloneing  to  the 
class  of  bodies  called  double  halides.  We  have  indicated  thit 
view  in  the  present  article- by  using  the  n&nal  formulfe  f« 
Buch  compounds. 

The  well-known  idea  of  a  linking  gronp  of  two  halofW 
atoms  as  an  explanation  of  the  structure  of  double  halides in> 
advocated  for  the  caesium  trihalides,  and,  since  the  rubidium 
and  potassium  compounds  are  entirely  analogous,  it  is  unoects- 
aary  to  give  their  structural  formulae  here.  >Ye  believe,  iiow- 
ever,  that  the  trihalides  throw  some  light  upon  the  constitution 
of  the  diatomic  liuking  group.  Renisen  says,*  "I  uannotiee 
that  at  present  we  have  any  evidence  which  jnstitiee  us  in  tbe 
use  of  the  expression  — C1=C1—  rather  than  — CI— C1-." 
If,  as  we  believe,  the  structure  of  rubidium  tri-iodide  is  ei- 
pressed  by  the  formula  Rb— (11)— I,  the  stracture  of  the  link- 
ing group  probably  cannot   be   —I  — I—;  for  i?i   that  case 
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different  from  them^  would  also  explain  the  non-existence  of 
dihalides  and  tetrahalides. 

Assuming  that  there  is  a  linking  group  of  two  halogen 
atoms  in  the  trihalides,  the  view  advanced,  from  a  considera- 
tion of  the  csesium  compounds,  that  tlie  most  stable  bodies 
have  identical  atoms  in  this  group  is  confirmed  by  the  study  of 
the  rubidium  and  potassium  analogues.  For,  on  this  assump- 
tion, all  the  potassium  compounds  which  could  be  made  con- 
tain a  gronp  of  identical  atoms,  while  in  the  missing  rubidium 
compound  they  are  dissimilar. 

Sheffield  ScieDtiflc  School,  March,  1892. 


Art.  LXI. — On  the  Clinton  Iron  Ore;  by  C.  IT.  Smyth,  Jr. 

Recent  articles  discussing  the  minute  structure  and  the 
mode  of  formation  of  the  Clinton  iron  ore  have  suggested 
the  publication  of  certain  observations  made  upon  this  peculiar 
deposit,  particularly  as  it  appears  at  the  type  locality,  Clinton, 
N.  Y.    ^ 

At  this  point  there  are  three  beds  of  ore,  associated  with 
green  and  gray  shales  and  thin-bedded  sandstones  sometimes 
so  coarse  as  to  become  conglomerates.  The  character  of  the 
sediments  and  their  rapid  changes  both  vertically  and  laterally, 
the  presence  of  ripple  marks  and  mud  cracks  throughout  the 
series,  and  the  abundant  fossils,  all  indicate  deposition  in  shal- 
low water  with  constantly  shifting  conditions.  The  dip  of  the 
strata  toward  the  southwest  is  so  slight  as  to  be  hardly  notice- 
able at  the  exposures. 

The  upper  bed  of  ore,  locally  known  as  "  red  flux,"  varies 
in  thickness  from  four  to  six  feet,  and  appears  to  be  made  up 
of  pebbles  and  irregular  fragments  of  organisms  cuutcMl  witli 
ferric  oxide,  cemented  by  calcite.  Twenty-five  feet  below  tliis 
is  a  two  foot  bed  of  workable  ore,  and  one  to  two  feet  lower  still, 
the  third  bed. 

The  ore  in  both  of  the  lower  beds  is  wholly  made  up  of 
small  round  grains,  usually  flattened  to  lenticular  shape,  but 
often  nearly  spherical,  and  averaging  perhaps  1"""  in  diameter. 
The  entire  mass  thus  presents,  aside  from  its  color,  the  appear- 
ance of  an  oolitic  limestone. 

After  studying  numerous  thin  sections,  from  various  locali- 
ties. Dr.  A.  F.  Foerste*  has  concluded  that  the  or>litic  a|)pear- 
ance  of  the  Clinton  ore  is  due  to  its  being  made  up  of  rounded 
fragments  of  Bryozoa  in  which  the  lime  is  replaced  by  iron, 

*  On  the  dinton  Oolitie  Iron  Ores  ;  this  Journal,  III,  zli,  p.  28. 

Am.  Jouu.  Soi.—TnuiD  Sbribs,  Vol.  XLIII,  No.  268.— June,  1802. 
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He  states  that  "in  no  case,  however,  was  anything  noticed 
leading  tt>  the  opinion  that  concretionary  segregation  of  iron 
had  taken  place  either  around  the  bryozoan  fragments  or  other- 
wise" Had  Ur.  Foerste's  observations  extended  to  the  tvo 
lower  beds  of  ore  at  Clinton,  he  would  have  been  led  to  modify 
this  statement,  for  in  these  the  concretionary  stroctore  is  very 
marked.  It  is  unneccsaary  to  employ  the  microscope  to 
observe  this.  If  the  ore  be  coarsely  broken  and  the  separaled 
spherules  placed  on  a  steel  plate  and  tapped  lightly  with  i 
small  hammer,  each  sphernle  will  break  into  a  series  of  concen- 
tric shells,  and  finally  a  nucleus  will  be  reached,  which  is  nearij 
always  a  rounded  fijigmcnt  of  quartz.  In  thin  sections,  owing 
to  the  opacity  of  the  material,  this  structure  may  be  easilf 
overlooked,  unless  Ihe  section  is  ground  extremely  thin  (a  dif- 
ficult matter  with  this  ore),  or  is  examined  by  reflected,  as  well 
as  tninsmitted,  light.  Thin  sections  sbowwell  the  charaeturof 
the  quartz  around  which  the  iron  is segntgated.  The  fragitienL< 
are  all  well  rounded,  having  been  subjected  to  the  attrition  of 
the  waves  along  a  coast  line.  Inclusions  of  liquid  and  gas  are 
very  abundant,  besides  long  needles  of  rutile  and  scales  of  mica- 
ceous hematite.  The  derivation  of  the  quartz  from  granitoid 
or  schistose  rocks  is  evident. 

On  treating  the  spheiiiles  with  hydrochloric  acid  tlie  iron  is 
dissolved,  and  there  is  left  a  perfect  cast  of  the  spherule  in 
silica,  containing  a  little  argillaceous  material.  This  silieeon* 
cast  or  skeleton  of  the  spherule  is,  of  course,  transparent  aad 
in  it  the  concentric  structure  can  be  seen  more  perfectly  than 
in  thin  sections.  The  nnmber  of  layers  is  seen  to  bo  large, 
often  ten  or  more.  With  polarized  light  the  silica  appears 
sometimes  to  beamorphons,  but  usually  gives  aggre^te  polari- 
zation, like  that  often  seen  in  chalcedony.  Thus,  the  two  lower 
beds  of  ore  at  Clinton  are  truly  oi'Jlitic,  cuu.sistinp  of  gra 
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chiefly  of  bryozoan  fragments  more  or  less  completely  replaced 
by  iron,  as  described  by  Dr.  Foerste,  there  is  often  a  coating 
of  the  fragments  with  layers  of  iron  associated  with  sihca, 
precisely  as  in  the  oolites. 

The  treatment  of  these  samples  with  hydrochloric  acid 
further  shows  that  the  lime  of  the  bryozoa  has  often  been 
replaced  not  by  iron  alone,  hut  bv  iron  and  silica,  for  there  is 
left  as  a  residue  from  the  treatment  a  v^iliceous  cast  of  each 
fragment.  In  most  cases  the  iron  iv^  removed  from  this  by 
the  acid,  but  in  some  samples  the  silica  prevents  the  complete 
solution  of  the  iron,  even  with  prolonged  digestion.  Aj)- 
parently  there  is  an  intimate  association  in  the  deposition  of 
iron  and  silica. 

The  above  facts,  together  with  others  gathered  in  the  field, 
seem  to  have  some  bearing  upon  the  rpiostion  of  the  origin  of 
the  Clinton  ore.  ^Fost  of  the  recent  writers  on  this  subject 
seem  to  agree  that  the  ore  is  formed  by  the  replaeemoiit  of 
limestone  strata  l)y  iron  derived  from  the  overlying  rocks. 
The  iron  is  taken  into  solution  by  circulating  meteoric  waters 
containing  carbon  dioxide  and  other  products  of  organic  decay. 
This  solution  coming  into  contact  with  limestone,  chemical 
action  ensues,  the  iron  is  precipitated,  and  the  lime  passes 
awav  in  solution. 

V^hile  there  can  be  no  doubt  that  many- ore  bodies  have  been 

ft. 

formed  in  this  way,  and  among  them  portions  of  the  Clinton 
ore,  still,  several  facts  lead  to  the  conclusion  that  other  jx>rtions 
of  this  deposit  require  a  diiTerent  explanation.  Compared  with 
the  great  extent  of  Clinton  ore,  the  writer's  observations  have 
been  so  limited  as  to  make  it,  perhaj>s,  unwise  to  bai^e  upon 
them  any  broad  generalizations.  The  following  discu.-sion 
will,  therefore,  1)0  confined  almost  entirely  to  the  type  locality 
and  such  other  locjilities  as  have  ])eon  examined  in  person. 

As  above  stated,  the  ore  at  (Minton  is  associated  with  un- 
doubted shore  (lej)osits,  aud  though  all  of  the  rocks  are  calca- 
reous, there  are  none  that  could  be  called  liniestones. 

During  that  portirni  of  Silurian  time  represented  bv  these 
strata,  the  region  was  one  of  shoal  waters  or  extensive  inud-tlats. 
These  conditions  are  favorable  for  the  formation  of  an  iron  ore 
by  sedimentation,  and  it  seems  unnecessarv  to  bring  in  the 
idea  of  replacement.  If  the  ore  reprcM'Uts  an  oolitic  liniotone, 
each  spherule  has  been  altered  from  tlu^  outside;  toward  the 
center.  This  alteration  has  ])cen  i)y  the  replaccinu^nt  of  the 
calcite  by  silica  and  iron  carhonate.  It  would  seem  as  tlu>ugh, 
after  the  exterior  layers   were  thus  altered,  thev   must,  to  a 

ft*  * 

greater  or  less  extent,  protect  the  interior  layei*s  from  change, 
and  that  there  would  often  be  some  trace  of  the  original  calcite. 
In  no  case  has  this  been  seen,  even  in  the  leanest  ores,  although 
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the  lavers  of  eilica  and  iron  are  often  so  dense  and  iiniwrriooi 
that  hydrochloric  acid  cannot  dissolve  all  of  the  iron  preeenL 

Further,  it  is  difficalt  to  account  for  tlie  present  cliemial 
condition  of  the  ore  on  the  6u)>8titntion  theory.  This  theorr  1 
postulates  that  the  iron  is  taken  into  eohition  in  the  overlvini  : 
rocks  by  circulating  waters  contuining  organic  matter.  The  iron 
would  thus  he  hronght  to  the  limestone  in  the  form  of  carlion- 
ate  and  would  he  precipitated  in  that  form.  In  highly  tihed 
strata  it  is  easy  to  see  that  currents  of  water  coming  more 
directly  from  tlie  surface,  along  the  dip.  might  contain  oxygen 
inBtead  of  the  products  of  organic  decomposition  and  tlius  canK 
the  precipitation  of  the  iron  as  hydrated  oxide,  or  convert  to 
that  form  a  previoustly  precipitated  carbonate  as  described  bv 
Professor  Van  Hiae  in  his  paper  on  the  Marquette  ores.* 
But  when,  as  in  New  York  8tate,  the  strata  are  horizontal, 
snch  an  explanation  will  not  suffice.  Yet  in  no  case  has  there 
been  seen  anything  to  indicate  that  the  ore  was  once  a  carbon- 
ate. If  this  ore  w.is  once  a  carbonate,  what  agent  hsis  so  com- 
pletely altered  it  to  the  peroxide? 

The  character  of  the  overlying  rocks  presents  another  stnin- 
bliug  block  in  the  way  of  replacement.  Both  shales  and 
sandstones  are  vcrj'  calcareous.  It  is  difficult  to  nnderstand 
why  meteoric  watere  should  dissolve  iron  from  some  calcareous 
strata  and  deposit  it  in  others  lower  down.  The  two  action.' 
are  incompatible.  As  a  matter  of  fact,  the  waters  that  soak 
through  these  overlying  rocks  are  so  heavily  charged  wilb 
carbonate  of  lime  that  they  deposit  it  wherever  there  is  ao 
opportunity,  and  layers  of  ealcite  are  abundant  on  outcrnp- 
ping  ledges  and  in  small  veins.  How  can  sneh  water  be  tne 
hearer  of  iron  salts  that  are  supposed  to  be  precipitated  by 
lime  carlwnate  at  a  lower  level  ?     There  is  nothing  to  indicate 

r.  the  perciiliiting  watei-s  have  not  always  been 
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rnginous  sandstone,  differing  from  the  richer  ore  in  that  the 
grains  of  sand  which  form  the  nuclei  of  the  sphemles  are 
much  coarser,  and  the  deposit  of  iron  around  them  corre- 
spondingly thinner.  The  difference  in  tlie  richness  of  the 
ores  is  not,  then,  dependent  chiefly  upon  a  greater  or  less 
amount  of  water  action,  but  is  inherent  in  the  two  layers  as 
deposited. 

Associated  with  the  ores  are  many  irregular  patches  and 
layers,  both  calcareous  and  argillaceous,  containing  a  varying 
proportion  of  spherules.  Though  the  rock  may  not  contain 
ten  per  cent  of  iron,  still  the  spherules  are  just  as  ferruginous 
as  in  the  purer  ore.  If  they  resulted  from  replacement,  they 
would  naturally  be  only  partially  changed.  If  thin  sections 
be  prepared  from  these  specimens,  it  is  seen  that  the  spherules 
are  identical  with  those  of  the  ore,  though  completely  sur- 
rounded by  pure  calcite.  How  is  it  possible  for  an  iron  l)ear- 
ing  solution  to  pass  through  this  compact  calcite  until  the  , 
spnernle  is  reached,  and  then  begin  to  deposit  the  iron  and 
replace  the  calcite  ?  It  is  not  uncommon  to  see  spherules  of 
which  the  outer  layers  have  partially  separated  from  the  core, 
the  space  thus  formed  being  filled  in  by  the  clear  calcite 
cement. 

Such  occurrences  as  these  can  be  explained  only  by  the 
supposition  that  the  spherules  were  ferruginous  when  incorpo- 
rated into  the  rock.  In  samples  of  this  character,  iron  oxide 
is  also  present  in  the  form  of  flakes  or  scales  scattered  through 
the  cement.  These  scales  have  sharply  defined  borders  and  do 
not  pass  gradually  into  the  calcite.  If  the  rock  were  igneous, 
the  iron  oxide  would,  witliout  doubt,  be  considered  an  older 
constituent  than  the  enclosing  calcite,  and  there  seems  to  be  no 
reason  for  thinking  that  this  is  not  equally  true  in  the  sedi- 
mentary rock.  Let  the  proportion  of  oolites  and  scales  of 
iron  oxide  be  increased  in  these  hard  layers,  or,  let  the  calca- 
reous cement  be  dissolved  out  by  meteoric  waters,  and  the 
result  will  be  an  ore  precisely  like  the  two  0()litic  beds. 

The  foregoing  facts  have  Jed  the  writer  to  the  conclusion 
that  the  oolitic  ores  at  Clinton  are  not  of  secondary  origin, 
but  were  deposited  as  hydrated  peroxide  of  iron  in  the  shoal 
waters  of  wholly,  or  partially  enclosed  basins  along  the  coast 
of  the  Silurian  seiu     The  intimate  association    of  silica  with 
the  iron  of   the  spherules  seems    to  indicate   that  they   were 
deposited  together.     Doubtless  a  greater  or  less  amount  of  the 
iron  was  in  suspension  rather  than  in  solution,  and  it  seeins 
possible  that  even  in  this  condition  it  would  take  the  oolitic 
form,  being  cemented  in   the  layers  of  silica.      Plausibility  is 
lent  to  this  idea  by  the  fact  that  the  silica  is  usually  more  or 
less  stained  by  grains  of  argillaceous  material  ;  and  occasional 
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masses  of  oolite  are  seen,  made  ap  wholly  of  such  material, 
cemented  by  silica,  and  jet  with  the  concentric  structure  just 
as  perfect  ae  in  the  iron  oolite.  This  would  seem  to  indicate 
that  it  is  onl;  necessary  to  hare  the  silica  in  solution,  in  order 
to  form  oolites.  Tliat  the  silica  lias  not  been  substitnted  for 
calcite  by  the  action  of  circulating  waters,  is  indicated  by  the 
fact  that  the  splierules  are  inclosed  in  calcite  showing  no  sigo 
of  alteration.* 

The  formation  of  oolitic  iron  ores  under  conditions  some- 
what simitar  to  those  of  the  Clinton  shore  is  eoing  on  in 
many  places  at  the  present  time.f  and  these  ores  liave  but  to 
he  dehydrated  to  resemble  closely  the  Clinton  ores  Then; 
seems  to  be  no  donbt  that  dehydration  takes  place  slowly  at 
ordinary  temperature,^;  but  even  if  this  be  not  so,  the  Clinton 
ores  may  easily  hnvc  been  subjected  to  the  com parativelj 
slight  rise  of  temperature  necessary  for  rapid  deliydration. 

Some  years  ago  Professor  B.  S.  Williams  called  the  writer's 
attention  to  a  thin  layer  of  oolitic  iron  ore  in  Cuba,  Alle- 
MnyCo.jN.  Y.,  which  is  of  especial  in tercsc  in  this  connection. 
The  ore  forms  a  very  thin  bed,  perhaps  an  inch  or  two  Id 
thickness,  and  often  entirely  wanting,  in  a  series  of  arenaceons 
and  argillaceous  shales  of  Devonian  age.  The  rocks  are  of 
shallow  water  origin,  as  stated  by  Professor  Williams.^  and 
there  is  not  the  slightest  evidence  that  the  ore  wag  ever  an 
oolitic  limestone.  In  fact,  the  character  of  the  ore  and  of  the 
associated  rocks  plainly  indicates  that  the  conditions  nuder 
which  they  were  formed  were  most  unfavorable  for  the  pro- 
duction of  lin.estone  of  any  kind.  The  ore  was  undoubtedly 
deposited  in  its  present  form.  This  ore  differs  from  the  Clin- 
ton only  in  the  smaller  size  of  the  spberulos.  The  ijuartz 
iinclcns  is  not  relatively  so  large  and  is  sometimes  absent,  lini 
there  is  tiie  s;uiie  perfection  of  concentric  structure,  and  tlie 
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It  Beems  to  be  generally  assumed  that  if  an  ore  becomes 
hard  and  calcareous  below  drainage  level,  it  must  be  a  result 
of  replacement  of  a  calcareous  layer  by  iron.  While  this  is, 
doubtless,  often  true,  there  are  many  cases  where  the  evidence 
is  against  it  That  there  has  been  a  replacement  of  the  calcite 
of  various  organic  forms  by  iron  there  is  no  doubt,  for  the  ore 
is  often  largely  made  up  of  such  casts.  But  there  seems  to  be 
good  reason  for  believing  that  this  replacement,  in  many  cases, 
occurred  before  the  fossils  were  incorporated  into  the  rocks  of 
which  they  now  form  part,  or,  at  least,  before  the  rock  was 
lithified  by  the  calcareous  cement.  The  replacement  of  bryo- 
zoa,  etc.,  is  just  as  complete  in  the  hard,  calcareous  ores,  as  in 
the  softer  varieties.  The  completely  replaced  fragments  are 
often  found  scattered  through,  and  surrounded  by,  pure  calcite. 
As  in  the  case  of  the  oolites,  how  is  it  possil)ie  that  the  cal- 
cite of  the  fossils  could  have  been  rej)laced  by  iron,  after  the 
fossils  had  been  cemented  together  in  tin's  way?  Even  assum- 
ing the  fragments  to  consist  of  aragonite,  and  therefore  more 
readily  attacked  than  the  calcite  cement,  it  would  be  impos- 
sible for  the  ferruginous  solution  to  reach  them,  completely 
enclosed  as  they  are  in  the  cement.  Many  specimens  collected 
not  only  in  New  York,  but  also  in  Tennessee,  Georgia  and 
Alabama  illustrate  these  facts  on  both  a  macroscopic  and 
microscopic  scale.  There  seems  to  be  no  relation  between  the 
richness  of  the  ores  and  the  completeness  of  replacement  of 
organic  forms. 

These  points  are  well  illustrated  by  the  mode  of  occurrence 
of  the  ore  at  Ontario,  Wayne  Co.,  N.  Y.  Here  there  is  a  bed 
of  ore  some  two  feet  thick,  capped  by  six  feet  of  fairly  pure 
limestone  with  shale  partings.  All  above  this  has  been  re- 
moved by  erosion.  The  replacement  theory  supposes  the  iron 
to  have  passed  through  this  limestone,  replacing  the  lower  two 
feet.  It  is  difficult  to  understand  why  the  upper  portion 
should  not  cause  precipitation  as  readily  as  the  lower  two 
feet,  but  its  light  gray  color  shows  that  it  has  not.  This 
might  possibly  be  explained  by  assuming  that  an  impervious 
layer  at  the  bottom  checked  the  water,  and  thus  allowed  more 
time  for  the  reaction.  Granting  this  to  be  the  case,  we  should 
expect  a  gradual  transition  from  the  ore  to  the  limestone. 
But,  as  a  matter  of  fact,  the  only  sense  in  which  this  is  true, 
is  that  some  of  the  fragments  of  which  the  ore  is  composed 
are  scattered  through  the  lower  portion  of  the  limestone ;  they 
are  just  as  ferruginous  as  in  the  ore  below  and  are  inclosed  in 
pure  limestone.  Thus,  there  is  a  mechanical,  but  in  no  sense, 
a  chemical  transition  such  as  would  result  from  replacement. 
The  contact  is  exactly  similar  to  that  of  a  limestone  and  fine 
conglomerate,  the  lower  portion  of  the  former  including  some 
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of  the  pebbles  of  the  latter.  The  conclDsion  seems  inevitable 
that  the  ore  was  in  its  present  condition  when  the  limeetoDe 
was  deposited  upon  it. 

If  these  ores  are  altered  limestonee,  it  is  ae  difficnlt  as  witii 
the  oolitic  variety  to  account  for  their  complete  oxidation. 

These  facte  suggest  tliat  the  calcareous  remaios  were  subject 
to  the  action  of  waters  containing  iron  and  silica  resulting  in 
a  replacement  of  tlie  calcite,  before  the  fragments  were  ce- 
mented into  rock  form.  Such  an  action  would  take  place  onlj 
near  shore,  and  that  it  was  near  shore  that  they  were  depoeital 
is  shown  by  the  fragmental  and  rounded  character  of-  the  f*;- 
sils.  This  substitution  may  have  taken  place  partly  while  tic 
fragmeuts  were  being  i-olled  about  on  tne  bottom,  and  parik 
after  they  were  massed  together  and  covered  with  thin  mere 
of  mud  or  sand.  Under  these  conditions  ferrous  carbonate 
formed  would  be  quickly  oxidized.  Associated  with  tlii? 
material  would  be  a  varying  amount  of  iron  oxide  deposited 
from  suspension.  The  coarser  particles  would  supply  the 
scales  seen  in  the  ore,  while  the  liner  poi-tions  might  enter  into 
the  replacement,  being  cemented  by  Ihe  silica.  Let  such  a 
layer  as  this  be  covered  by  other  strata  and  be  cemented  bv 
calcite,  partly  derived  from  a  foreign  source  and  partly  from 
solution  and  crystallization  of  unaltered  shells,  bryozoa,  etc. 
and  the  result  would  be  the  non-oolitic  Clinton  ore.  When  au 
ore  formed  in  this  way  is  elevated  and  inclined  at  such  an 
angle  that  surface  water  may  work  down  through  it,  therein 
of  course,  a  solution  of  the  calcareous  cement  while  the  iron  i> 
untouched  and  as  a  result  the  amount  of  iron  is  relatlTcK 
incr-eased.  Thus,  above  drainage  level  the  ore  becomes  w)ft. 
porous,  and  rich,  while  below,  it  remains  hard  and  calcareoui. 
The  charactei'  of  an  ore  then  depends,  first,  upon  the  amouui 
'   "  lally  d('|)Osi{ed,  and  secondly,  upon  the  amoniit  ct 


C.  H.  Smythj  Jr. — Clinton  Iron  Ore,  495 

reach  the  ore  they  mast  be  so  loaded  witli  lime  as  to  be  able  to 
take  up  little,  if  any,  more.  At  Clinton,  wherever  the  ore  has 
been  broken  in  any  way,  this  abundance  of  lime  in  the  waters 
is  shown  by  a  deposit  of  calcite,  filling  cracks  and  cavities. 

This  idea  of  replacement  of  organic  forms  before  they  were 
incorporated  into  the  rocks,  or,  at  least,  before  the  mass  of 
which  they  form  part  was  buried  under  any  considerable 
amount  of  sediment,  raises  the  question,  '  Was  not  the  oolitic 
ore  originally  calcareous,  the  spherules  being  altered  in  the 
same  way,  before  consolidation?'  While  there  is  nothing  to 
absolutely  disprove  such  a  supposition,  and  further  stndy  may 
lead  to  its  acceptance,  it  seems,  on  the  whole,  rather  improb- 
able. In  the  first  place,  the  conditions  seem  to  have  been 
more  favorable,  for  the  formation  of  an  ii*on,  than  of  a  lime 
oolite,  and  so  there  is  good  reason  for  accepting  the  simpler 
and  more  direct  explanation.  As  before  stated,  the  absence  of 
any  traces  of  calcite  in  the  sphernles  precludes  the  idea. 
Further,  the  analogy  of  the  Cuba  ore  suggests  direct  deposi- 
tion. In  the  truly  oolitic  ores  seen  by  the  writer  there  is  a 
marked  absence  of  fossils,  while  the  non  oolitic  types  are  full 
of  traces  of  life.  This  indicates  some  decided  diflEerence  in 
the  conditions  under  wiiich  they  were  deposited.  The  simplest 
explanation  seems  to  be,  that  while  the  non-ocilitic  ores  formed 
along  shore  line6  subject  to  wave  and  current  action  by  means 
of  which  the  organic  remains  were  concentrated  and  brought 
within  the  influence  of  the  ferruginous  w^aters,  the  oolitic  ores 
were  deposited  in  partially  or  wholly  enclosed  basins,  in  which 
the  water  was  too  strongly  charged  with  mineral  matter  to  sup- 
port much  life.  As  both  viirieties  would  often  be  forming 
simultaneously  quite  close  together,  it  is  not  strange  that  they 
show  a  tendency  to  grade  into  each  other.  The  oolitic  ores, 
then,  were  precipitated  as  such  in  shallow  basins,  while  the 
non-ocilitic  varieties  are  a  substitution  product,  but  this  substi- 
tation  of  iron  for  lime  took  place  while  the  organic  fragments 
were  being  rolled  about  in  the  shoal  w^aters,  or  after  they  were 
loosely  aggregated  in  a  mass  some\vhat  resembling  the  coquina 
of  the  Florida  coast. 

These  suggestions  as  to  the  origin  of  the  Clinton  ore,  of 
course,  apply  only  where  it  is  associated  with  shore  de})osits. 
But  even  with  such  conditions,  it  is  highly  ini])r(>l>al)le  that  the 
explanation  w'ill  suffice  for  every  case.  ()n  tlic  contrarv,  it 
seems  certain  that,  with  a  large  ani(iunt  of  ferruginous  material 
brought  into  sediments  forming  along  several  hundred  miles 
of  coast,  iron  deposits  would  be  accumulated  ])y  various  proces- 
ses. Probably  some  beds  of  Clinton  ore  w^ere  formed  by 
replacement,  as  ordinarily  understood  ;  others  by  original  depo- 
sition as  outlined  above ;  and  still  others  by  a  combination  of 
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both  procesBes.  T)ie  objection  has  often  been  raised  agunst 
the  theory  of  original  depoeition  that  it  doee  not  account  for 
ores  aeBociiited  with  deep  6ea  rocks.*  But  why  ehoDld  not  tlie 
shore  and  deep  sea  depoaits  of  ore  be  formed  by  entirely  dif- 
ferent processeB?  If  the  drainage  waters  of  any  area  discharge 
60  inucli  iron  into  the  sea  that  sediments  formed  at  lon^  dis- 
tances from  shore  contain  sufficient  iron  in  twenty  or  thirtv 
feet  vertically  to  form  two  feet  of  the  ore  by  concentration, 
these  same  drainajite  waters  must  deposit  great  qnantities  of 
iron  both  chemically  and  mechanically  along  the  shore  line. 
Thus,  the  accumulation  of  both  shore  and  deep-sea  depc»ite  of 
iron  would  go  on  simultaneously,  but  the  latter  would  require 
a  secondary  concentration  to  render  them  of  practical  value. 
Geological  Laboratory,  UamiltOD  College,  Clialoa,  X.  Y. 


Art.  LXII. —  UVWe's  Krplieation  of  the  Secular  Variatim> 
Phenoinen&n  of  I'errestrial  Magnetism  :  bv  L.  A.  BxfEK. 
C.  E. 

[Read  before  the  Philosophical  Sodetf  af  Waibinij^D,  Feb.  37,  1S93.) 

Is  1871  Prof.  Hornstein  of  Prague  made  known  his  dis- 
covery of  a  periodic  change  in  the  magnetic  elements  of  26i 
days,  almost  exactly  equal  to  the  synodic  rotation  uf  the  sun. 
as  deduced  from  the  equatorial  sun-spots.  It  was  then  said 
tliat  ''this  method  uf  discovering  the  time  of  rotation  of  the 
unseen  solid  body  of  the  smi  by  its  effects  on  the  magnetic 
needle  wiis  the  lirst  installmeui  uf  the  repayment  by  Magnet- 
ism of  its  debt  to  Astronomy."  And  true  it  was.  For  three 
inrit   of  tiiTif!  and  Timiiey  has    been  spetil 
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When  we  consider  that  the  intensity  of  the  magnetization  of 
the  great  globe  of  the  earth  is  Qnite  comparable  with  that 
which  we  produce  with  much  dimculty  in  our  steel  magnets, 
these  immense  changes  in  so  large  a  body  force  us  to  conclude 
that  we  are  not  yet  acquainted  with  one  of  the  most  powerful 
agents  in  nature,  the  scene  of  whose  activity  lies  in  those 
inner  depths  of  the  earth,  to  the  knowledge  of  which  we  have 
so  few  means  of  access."  The  time  is  at  hand  for  another 
Halley,  or  another  Gauss,  to  put  new  life  into  this  most  fasci- 
nating subject  and  give  birth  to  a  new  and  more  productive 
terrestrial  magnetism. 

Homstein's  discovery  has  been  abundantly  verified  since,  and 
now  we  are  to  consider  an  attempt  equally  as  bold  as  his,  for 
its  author  believed  he  had  reached  such  results  that  he  felt 
able  to  declare  himself  thus  confidently :  *'  From  the  various 
movements  of  the  declination  and  inclination  needles,  corre- 
lated with  each  other  in  time,  direction  and  amount,  on  dif- 
ferent parts  of  the  earth's  surface,  the  theory  of  a  fluid 
interior  may  now  be  considered  to  be  as  firmly  established  as 
the  doctrine  of  the  diurnal  rotation  of  the  earth  on  its  axis." 
If  this  be  true  more  than  one  science  has  become  the  debtor  to 
terrestrial  magnetism. 

The  experiments  upon  which  this  bold  declaration  was  based 
were  announced  in  a  paper  read  before  the  Royal  Society, 
June  19,  1890,  by  Mr.  Henry  Wilde,  F.R.S.,  entitled  "  On  the 
Causes  of  the  Phenomena  of  Terrestrial  Magnetism,  and  on 
some  Electro-Mechanism  for  exhibiting  its  Secular  Changes  in 
its  horizontal  and  vertical  Components."  This  paper  having 
evidently  been  well  received  was  followed  six  months  later  l)y 
another,  embodying  further  investigations,  ^'  On  the  IJnsym- 
metrical  Distribution  of  Terrestrial  Magnetism,"  and  on  June 
11,  1891,  still  another  was  read  "On  the  Influence  of  Temper- 
ature upon  the  Magnetization  of  Iron  and  other  Substances." 

These  three  papers  have  now  l)een  combined  and  the  pam- 
phlet printed  in  English,  French  and  German.  Owing  to  the 
great  promise  they  apparently  hold  forth  and  the  interesting 
physical  questions  involved,  they  are  receiving  marked  attention 
at  the  hands  of  terrestrial  magnetists.  In  this  country  a  brief 
description  was  given  it  and  the  claims  of  the  author  were  set 
forth  in  the  January  number  of  the  Ameri(jan  Meteorological 
Journal,  but  no  attempt  whether  of  verification  or  discussion 
made.  And  on  February  8d,  18i^2,  appeared  an  editorial  in 
the  N.  Y.  Tribune  under  the  caption  :  "  A  Scientific  Mystery 
Unravelled."  To  the  writer's  knowledge  no  effort  as  yet  has 
been  made  to  refute  Mr.  Wilde's  theory.  lie,  having  in  his 
possession  the  means  of  instituting  a  comparison  between  fact 
and  theory  and  being  familiar  with  the  comprehensive  investi- 
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gatioDS  of  the  Coast  and  Geodetic  Survey  undertook  an 
examination  of  Mr.  Wilde's  paper  with  the  result  of  being 
forced  to  reacli  a  conclusion  somewhat  at  variance  with  the 
favorable  comments  already  noted. 

Wilde's  attempt  may  be  classitied  as  a  twofold  one  :  (1.)  He 
seeks  to  acconnt  for  and  reproduce  those  great  ciianges  in  tk 
eartli's  mas^nctism  taking;  place  with  the  lapse  of  time,  teniifd 
its  secular  variation.  Thus  at  Loudon,  about  the  year  165^, 
the  magnetic  needle  pointed  exactly  north  and  south.  It  then 
marched  westward  until  about  the  year  1818  when  it  points 
34°  38'  to  the  west  of  north.  After  remaining  etationary  for 
a  few  years,  it  began  to  turn  backward  on  its  course  and  march 
eastward,  so  that  in  1890  it  pointed  but  17"  26'  to  the  west. 

(2).  He  seeks  to  account  for  and  reproduce  the  unsvui- 
metrical  distribution  of  terrestrial  magnetism  as  manifested 
today,  by  which  there  arc  at  present  tliree  weli-detined  lints 
in  the  northern  hemisphere  where  the  needle  points  trnly 
north  while  there  are  but  two  in  the  southern  hemisphere. 

The  time  allotted  will  only  permit  me  to  make  brief  men- 
tion of  the  second  and  third  papers:  and  in  regard  to  them  it  is 
believed  that  Mr.  Wilde  has  reached  most  interesting  and 
valuable  results.  The  purpose  of  my  paper,  however,  is  to 
consider  the  tirst  part,  viz  :  the  secular  variation  of  terrestrial 
magnetism,  and  as  time  will  not  allow  me  to  diecuss  all  tlie 
results  reached  by  Wilde,  I  will  select  those  stations  where  lit- 
has  actually  attempted  to  reproduce  the  secular  variation  awl 
upon  which  certain  constants  of  his  theory  depend.  These 
stations  are:  I^ondon,  Cape  of  Good  Hope,  and  St,  Helena. 
I  will  further  limit  myself  by  discussing  only  the  secular  varia- 
tion as  manifested  in  their  declinations,  for  only  on  them  d" 
the  constants  referred  to,  depend.  If  we  succeed  in  over- 
throwing   these   three    cases,    we    have   overthrown    Wilde"> 
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eartli  would  then  consist  of  a  solid  external  crust  covering  a 
liquid  shell,  leaving  the  interior  of  the  globe  in  its  primitive 
gaseous  condition. 

It  is  not  necessary  for  the  argument  to  assign  any  particular 
thickness  for  the  solid  and  liquid  splierical  shells,  although  there 
are  reasons  for  thinking  that  the  thickness  is  not  very  consider- 
able, as  recent  investigations  have  shown  that  the  elementary 
substances,  at  great  depths,  are  of  much  higher  specific  gravity 
than  those  on  which  the  mean  density  oi  the  earth  has  been 
determined. 

The  remarkable  relations  which  subsist  between  terrestrial 
magnetic  disturbances  and  the  period  of  sun -spot  frequency, 
abundantly  show  that  the  solar  vapors  are  highly  electro- 
dynamic.  It  may  consequently  be  inferred  that  a  spherical  mass 
of  incandescent  vapors  of  similar  constitution  to  those  in  the 
sun,  and  enclosed  within  the  solid  terrestrial  envelope,  would 
also  be  similarly  electro-dynamic. 

It  is  also  postulated  that  the  glowing  terrestrial  spheroid  at 
one  period  of  its  history  revolved  with  its  axis  of  rotation  at 
right  angles  to  the  plane  of  its  orbit,  and  the  spheroid  being 
symmetrically  electro-dynamic,  the  compassneedle  would  point 
due  north  and  south  on  every  meridian  of  its  surface.  Now, 
if  we  further  assume  that  the  polar  axis  of  the  solid  and  liquid 
globe  was  tilted  over  about  its  centre  at  a  definite  angle,  with- 
out affecting  the  plane  of  rotation  of  the  internal  electro- 
dynamic  sphere  of  vapor,  and  if  the  latter  rotated  with  a  some- 
what slower  motion  than  the  solid  external  shell,  then  would 
all  the  principal  phenomena  of  terrestrial  magnetism  be  man- 
ifested. 

It  is  not  necessary  to  consider  the  causes  which  produced  the 
present  inclination  of  the  earth's  equator  to  the  plane  of  its 
orbit,  beyond  suggesting  that  it  may  have  been  brought  about 
by  a  disturbance  of  equilibrium  through  the  rupture  of  the 
lunar  ring  on  the  transition  of  that  body  from  the  annular  to 
the  sphencal  form." 

This  is  the  foundation  of  his  tlieory.  Assuming  now  that 
the  earth  has  passed  through  the  following  electro-dynamic  and 
electro  magnetic  stages,  he  attempts  to  reproclncc  them. 

(1.)  *'The  electro-dynamic  condition  of  the  terrestrial  globe, 
at  a  period  of  its  history  when  the  crust,  from  its  high  tem- 
perature, was  non-magnetic,  its  surface  of  uniform  curvature, 
and  the  electro-dynamic  polar  foci  of  the  internal  sphere  of 
vapors  inclined  at  a  definite  angle  from  the  poles  of  the 
earth's  axis." 

(2.)  "The  electro-dynamic  and  electro-magnetic  condition  of 
the  earth,  when  its  outer  crust  was  uniform  in  curvature  and 
had  cooled  down  sufficiently  to  become  permanently  magnetic, 
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with  dii&l  foci  of  intensity  coincident  with- the  poles  of  .the 
earth's  axis,  and  separate  from  the  daal  polar  foci  of  the  in- 
ternal sphere  of  vapors." 

(3.)  "The  un symmetrical  distribation  of  the  magnetic  ele- 
ments arising  from  the  unequal  cnrratnre  and  foldings  of  the 
earth's  crnst  during  its  secular  cooling,  as  indicated  by  the 
present  distribution  of  land  and  water  on  the  terrestrial  sar- 
faco." 

He  then  seeks  to  embody  his  idea  in  a  mechanism,  which  he 
terms  a  Magnetarium  and  with  it  endeavors  to  demonstraCe 
the  correctness  of  his  theory.  A  brief  description  of  it  in  its 
tinalfonn  is  as  follows:  A  plain,  geographical  globe,  16  inchee 
diameter,  had  wound  round  the  whole  of  its  surface  insulated 
copper  wire,  the  winding  beginning  at  tlie  poles  and  ending  hI 
the  equator;  the  terminals  were  then  passed  through  the  in- 
terior and  brougiit  out  at  the  poles,  where  they  were  joineil 
with  the  free  ends.  It  was  then  mounted  on  capped  axles, 
cemented  to  o|)])08ite  sides  of  the  wired  surface  of  the  glohe, 
at  an  angular  distance  from  the  poles  of  at  tii'st  18  ,  biit 
changed  tinally  to  23'5°,  the  polar  distance  of  the  poles  of  tiie 
ecliptic.  At  these  axles  were  the  contrivances  for  cstablishini; 
permanent  electrical  connection  with  the  generator  of  elec- 
tricity, when  the  globe  was  made  to  revolve  on  its  axis.  This 
represented  the  gaseous  or  electro-dynamic  sphere.  Tlicn 
another  terrestrial  globe,  18  inches  diameter,  was  cut  throupli 
eqnatorially  and  the  heinisphei'CB  mounted  at  the  poles  ou 
hollow  axles,  made  tn  fit  over  the  axles  of  the  inner  globe  w 
as  to  revolve  separately  and  concentrically  with  it.  These 
hemispheres,  to  render  thetn  permanently  magnetic,  were 
lined  internally  with  iron  wire  gauze,  covered  with  insiilatt'd 
copper  wire  wound  .similarly  to  the  inner  globe,  and  were 
inai/iictize.1    hy  a  hriinc-li    of    the  curreiil    exciting  the  lalt.T. 
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and  knowing  the  amount  in  time  of  the  retardation  of  the 
inner  sphere  for  a  complete  rotation  of  the  outer,  the  secular 
variation  at  any  point  could  be  ground  out. 

It  will  be  seen  that  Wilde  has  presented  us  with  a  totally 
different  idea  in  his  mechanism  from  that  of  his  theory.  His 
theory  would  have  the  internal  sphere  differentially  rotating 
about  its  axis  of  magnetization  with  the  plane  of  rotation 
parallel  to  that  of  the  ecliptic.  Nothing  whatever  is  said  as  to 
Its  transportation  about  the  terrestrial  axis,  as  a  whole.  Hence, 
the  magnetic  pole  would  be  a  transient  one  and  be  induced 
successively  on  every  meridian  during  the  diurnal  rotation  of 
the  terrestrial  shell,  and  the  maximum  effect  would  appear  in 
the  diurnal  variation  of  the  needle  and  not  in  the  secular. 
But  we  know  that  the  former  is  but  a  small  percentage  of  the 
latter,  hence  it  must  be  evident  that  Wilde  has  not  given  us 
his  whole  theory.  Are  we  to  suppose  that  the  gaseous  sphere 
rotates  about  an  axis  which  itself  rotates  about  the  terrestrial 
axis  and  is  thus  continually  changing  its  plane  of  rotation  dur- 
ing every  twenty-four  hours?  Only  in  this  way  could  a 
permanent  pole  be  maintained. 

In  his  mechanism  he  has  the  inner  sphere  differentially 
rotating  about  the  axis  of  the  outer  with  its  axis  of  magneti- 
zation inclined  to  it  at  an  angle  of  23  5  degrees.  This  certainly 
simplifies  the  physical  conditions.  But  are  we  to  suppose  that 
when  the  plane  of  rotation  of  the  inner  sphere  gradually 
changed  its  primitive  direction  until  it  coincided  with  the 
outer  one,  the  axis  of  magnetization  of  this  vaporous  sphere 
was  so  rigid  that  it  remained  fixed  i  Is  it  possible  that  Wilde 
wishes  us  to  understand  that  the  circulation  of  currents  of 
electricity  round  the  inner  sphere  is  equivalent  to  a  rotation  of 
the  sphere  I 

The  first  point  made  in  this  paper,  then,  is  that  Wilde's 
mechanism  does  not  coincide  with  his  theory  as  he  has  given 
it  to  us. 

But  now  let  us  set  aside  all  discussion  as  to  the  theory  and 
the  physical  conditions  involved  and  discuss  the  results  from 
the  standpoint  of  Terrestrial  Magnetism  alone.  Were  it 
necessary  for  tiie  support  of  the  argunient  to  arrive  at  the 
probable  error  of  the  magnetariuni  results,  among  others,  the 
following  points  might  he  mentioned  which  would  affect  them 
and  in  reijard  to  which  Wilde  says  nothintr. 

(1.)  Tlie  effect  on  the  needles  by  the  earth's  magnetic  force 
at  the  station  where  the  results  are  ground  out. 

(2.)  The  sensible  amount,  his  needles  being  in  proportion  to 
the  diameter  of  the  outer  sphere  as  1 :  9,  by  which  they  would 
be  attracted  directly  or  obliquely  towards  that  globe  as  the 
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magnetic  force  on  the  two -ends  would  be  unequal  and  dod- 
par&llel. 

(3.)  The  needles  vibrate  over  abont  10  degrees  of  terrestrial 
surface,  so  that  wlieu  Wilde  measures  the  decHaation  at  eav 
London,  he  is  getting  it  for  the  whole  of  England,  over  whicli 
there  is  a  range  of  ahout  five  degreea 

(4.)  The  aojustment  o£  the  mechanism  with  reference  to 
maintaining  the  magnetic  pole  in  latitude  72°  with  regard  to 
one  station  alone  It  is  well  known  that  the  magnetic  merid- 
ians require  considerable  urging  to  be  made  to  pass  through 
one  point  Besides  the  latitude  of  the  north  magnetic  pole  u 
uncertain  by  at  least  1°  and  probably  more,  no  wholly  satis- 
factory determination  of  its  position  having  ever  been  made. 
Ross  made  a  dash  at  it  in  1831-32  and  the  Interaational  Polar 
Cominieeion  in  their  comprehensive  labors  forgot  all  about 
this  interesting  point.  This  will  introduce  an  uncertainty  bv 
at  least  2°  in  the  polar  inclination  of  the  axis  of  the  internal 
sphere. 

To  facilitate  the  comparison  between  fact  and  theory,  instead 
of  tiic  table  which  Wilde  gives,  we  have  before  us  a  diagram- 
matic representation  (Diagram  A)  of  all  the  observations  of 
magnetic  declination  known  for  the  three  stations,  London. 
Ca|Te  Town,  and  St.  Helena,  and  all  the  results  as  obtained 
with  the  magiietarinm,  the  full  cnrves  representing  the  former, 
the  dotted,  tlie  latter.  For  London  our  earliest  observation  i# 
11°  1»'  East  in  lofO.  The  march  of  the  declination  here  has 
already  been  pointed  out.  For  Cape  Town  or  Cape  of  t-hiod 
Hope,  our  seriea  begins  in  1605  with  the  needle  pointing  05~ 
to  the  East.  Marching'  westward  it  reaches  its  maxiinnni 
westerly  elongation  about  1870.  After  hovering  here  awhile 
it  turned  its  conise  and  is  now  diminishing  its  westerly  de- 
clination at  the  rate  of  2'  per  annum.     At  St.  Helena  the 
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tial  motion  are  equivalent  to  16  years.  As,  according  to 
Wilde,  it  would  take  one  complete  differential  revolution  of 
the  inner  sphere  to  produce  a  complete  cycle  of  secular  change, 
the  period  of  the  latter  would  be  360x  -^  or  960  yeani  and  the 


annaal  rate  of  i-etardation  of  the  inner  sphere 


360X60 


minntee  of  arc.  That  is,  in  the  time  that  the  terrestrial  or 
electro-magnetic  shell  has  made  960x365^  rotations,  the 
vaproos  sphere  has  made  one  lees.     Wilde  carefully  points  out 
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here  that  the  "westerly  march  of  the  needle  on  the  magnetic 
globes  as  shown  in  Table  II  (represented  by  the  dotted  curve 
on  diagram  A),  exhibits  similar  relations  in  the  period  and  rate 
as  those  in  Table  I,"  (represented  by  the  full  curve) !  He 
evidently  forgot  that  he  had  adjusted  his  mechanism  in  the 
first  place,  so  that  the  maximum  declination  of  24°  38'  at 
London  would  be  obtained,  hence  he  only  got  out  wha  the  put 
in.  London,  then,  we  shall  have  to  put  aside  sind  count 
neither  for  nor  against  him. 

Before  grinding  out  the  next  stations,  the  mechanism  under- 
goes a  moditieation.  As  a  first  attempt  to  approximate  to 
Uie  complex  magnetic  condition  of  the  earth,  Wilde  lines  the 
interior  of  the  outer  globe  under  the  land  areas  with  sheet-iron 
to  render  them  more  magnetic  than  t!ie  ocean  areas.  This 
proves  a  dead  failure.  He  next  reverses  his  conditions  and 
pots  sheet  iron  below  the  ocean  areas,  when,  behold,  a  most 
remarkable  change  takes  place  and  most  interesting  correspond- 
ences with  facts,  as  exhibited  in  the  present  distribution  of 
terrestrial  magnetism,  are  obtained!  Hut  as  these  properly 
refer  to  the  distribution  of  terrestrial  magnetism  and  not  to 
Am.  Joub.  Soi.— Taup  Statsa,  Vol.  XLIII,  No  s58.~Juke.  LS92. 
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the  eeciilar  Tari&tion,  they  cannot  be  entered  apon  here.  Wi^ 
the  apparatus  in  this  condition  he  ^\»  the  secular  variation  it 
Cape  of  Good  Hope  and  St  Helena.  It  took  102*'  of  difer- 
eotial  motion  to  produce  the  maximum  west  at  Good  Hope. 
As  it  had  previously  been  fonnd  from  the  London  results  tMt 
the  annual  diifcrential   motion  was  225  minutes  of  arc,  102' 

would  be  equivalent  to  — ^^k —  •""  ^"^  yeara.  From  the  ob- 
servations we  get  about  the  same  interval.  Hence,  here  we 
have  apparently  a  close  correspondence  between  theory  and 
fact,  alheit  tiiat  there  is  an  average  difference  of  about  %" 
between  the  two  curves  all  along  and  but  one  point  of  conv- 
spondence  actually  obtained.  It  will  also  be  seen  from  tiie 
diagram  (A)  that  by  starting  about  50  years  later,  or  in  other 
words,  if  the  zero  at  Good  Hope  had  occurred  at  the  same 
time  as  at  London,  the  same  maximum  westerly  elongation  of 
about  25°  would  have  been  obtained  as  at  London.  It  looks 
very  much  as  though  Wilde  happened  to  strike  the  luaxiiunm 
of  80°  instead  of  25°  because  about  50  years  more  of  (Jecnlar 
variation  had  been  ground  out  But  we  will  let  "Wilde  have 
this  point  and  proceed  to  the  next  station  which  furnishes  the 
most  satisfactory  test. 

Here  he  bad  no  means  of  knowing  when  the  maximum  west 
wonld  set  in  and  what  its  amount  would  be  and  hence  woold 
be  unbiased.  The  last  recorded  observation  was  in  lS4tl, 
(23°  11'  W.)  indicating  that  westerly  declination  was  still 
increasing.  In  his  table  of  observations,  Wilde  gives  26"  00' 
W.  for  1880,  which,  I  presume,  was  taken  from  the  British 
Admiralty  Chart.  This  is  the  last  that  he  knew  aoTthini; 
about.  In  1890,  Mr.  E.  1).  Preston,  while  on  the  Solar  Eclipae 
Expedition  to  St.  Paul  dc  Loanda,  touched  at  Helena  and 
ictictiliserv;itioiis.      He  trot  nn  average  value  of  2i-i' 
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tion  of  the  inner  sphere  were  nnknown  and  proceed  as  we  did 
at  London  to  iind  them.  It  took  96°  of  differential  motion  to 
produce  the  maximum  at  St.  Helena,  which  we  have  found 
from  observation  to  have  occurred  about  1890,  covering  thus  a 

Eeriod  from  zero  of  about  208  years  instead  of  256  as  Wilde 
as  it.  Hence,  instead  of  6°  being  equal  to  16  years  as  at 
London  and  Good  Hope,  we  find  6°=  13  years  and  the  total 
period  60x13  or  780  years  instead  of  960  and  the  annual 
amount  of  retardation  278'  instead  of  22*5' I  In  other  words, 
for  London  and  Cape  of  Good  Hope  the  inner  electro-dynamic 
sphere  must  make  one  complete  differential  revolution  in  960 
years,  but  to  accommodate  St.  Helena  it  must  go  at  a  more 
rapid  gait  and  perform  the  complete  revolution  m  780  years! 
The  table  before  us  is  the  one  Wilde  presents  at  the  end  of 
his  second  paper,  "  with  the  view/'  as  he  says,  "  that  they  may 
be  of  some  service  to  science  in  the  distant  future." 

Declination  periods  at  London^  St,  Helena^  and  the  Cape  of 
Oood  Hope  for  the  cycle  of  secular  changes  of  the  earth"*  s  mag- 
netism. 

London.  St.  Helena.  C.  of  Good  Hope. 

Declination,  Epoch.      Interval.      Epoch.       Interval.      Epoch,     intenral. 

0*  outward  march  W.  1657-1817  160  1688-1939  256  1609-1881  272 

0**  return          ''      W.  1817-2137  320  1939-216:J  224  1881-2089  208 

C  outward       "       E.  2137-2457  320  2163-2387  224  2089-2297  208 

0**  return          '•       B.  2457-26J7  160  2387-2643  266  2297-2569  272 


960  960  960 

It  will  be  seen  from  this  table  that  the  consequences  of 
Wilde's  theory  are : 

(1).  That  the  period  of  a  complete  secular  change  is  the 
same  all  over  the  globe — this  period  being  approximately  960 
years. 

(2).  That  the  declination  at  every  point  on  the  earth,  at 
some  time  during  the  cycle,  passes  through  zero. 

(3).  That  the  total  amounts  of  easterly  and  westerly  decli- 
nations are  approximately  et^ual. 

How  utterly  contradictory  these  three  conclusions  are  to 
facts  and  what  little  reliance  can  be  put  upon  Wilde's  table, 
will  be  seen  from  the  next  diagram  ( H)  giving  Secular  Varia- 
tion Types  of  the  Magnetic  Declination.  At  no  station  have 
we  record  of  a  complete  period.  There  are  a  number,  how- 
ever, where  the  series  of  ob.^ervations  will  warrant  our  fore- 
telling the  length  of  the  period  certainly  within  50  years. 
The  next  half  century  will  witness  the  comi)letioii  of  several 
of  the  American  stations.  The  curves  on  the  diagram,  with 
the  exception  of  Christiania,  have  all  been  plotted  from  the 
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Becular  variation  expressione  g^ven  in  Prof.  Scfaott's  ^per, 
App.  7,  Coast  and  Geodetic  Survey  Eeport  for  1888.  Where 
the  cnrve  extends  beyond  the  recorded  obaervationB,  it  is  given 
in  dashes.  It  is  well  known  that  the  sine  periodic  fanctioo  is 
well   adapted   for  expressing   the  secular  Tariation.     Sacb  i 
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I  shall  not  be  able  to  point  out  all  the  interesting  features 
brought  out  by  this  diagram.  Only  such  as  will  be  a  direct 
refutation  of  Wilde's  theory  will  be  touched  upon. 

(1.)  The  period — The  diagram  at  once  shows  not  only  how 
far  the  periods  fall  short  of  960  years,  but  also,  which  is  the 
important  point,  how  greatly  they  differ  among  themselves. 

In  the  following  table  I  have  given  some  of  the  periods  and 
ranges.  This  table  alone  will  overthrow  Wilde's  theory. 
From  it  will  be  seen  that  the  secular  variation  period  is  not  a 
universal  one,  but  is  different  for  every  station.     So  that  if 

Period, 
Station.  years.  Range. 

Paris* 470  32° 

Christiania 420  27 

Cape  Town 590  30 

St.Helena 582  31 

Ft.  Albany 300  14 

St.  Johns 347  18 

Eastport 288  8 

New  York  City 277  6 

Charleston 257  6'5 

New  Orleans 257  6 

Rio  de  Janeiro 450  (?)  20  (?) 

the  cause  of  the  secular  variation  is  the  differential  rotation  of 
an  electro-dynamic  substance  within  the  earth's  crust,  then  to 
satisfy  every  point  on  the  globe  it  must  have  every  possible 
rate  of  rotation,  or  every  station  must  have  its  own  electro- 
dynamic  sphere  roll  around  in  the  inscrutable  region  below  us ! 
Is  this  not  tantamount  to  Barlow's  idea  that  the  secular  varia- 
tion at  every  station  could  be  explained  by  supposing  that  each 
had  its  own  magnetic  pole  describing  an  orbit  about  the  rota- 
tion pole?  But,  says  Sir  John  Herschell,  if  that  is  so,  haven't 
you  renounced  the  idea  of  polarity  altogether  i 

(2.)  The  diagram  will  show  that  there  are  stations  where  the 
declination  does  not  cross  the  zero  line,  but  rcMiiains  west 
or  east.  At  New  York  City,  for  exainj)]o,  in  about  li)33  we 
shall  have  a  full  period  and  there  is  no  (luestion  but  what 
the  declination  remains  west.  Charleston  is  mostly  east, 
but  crosses  the  zero  line.  New  Orleans,  doubtless,  remains 
east  during  its  whole  period.  Probably  better  illustrations  of 
places  where  the  declination  remains  east  will  be  foiiiid  with 
the  lapse  of  time  along  the  Paeitic  coast.  And  how  unequal 
the  amounts  of  easterly  and  westerly  declination  are  about  the 
zero  line  is  abundantly  shown  by  Paris  and  Christiania. 

*  The  period  at  LoDdon  is  estimated  to  be  becween  500  and  550  years,  range  35®. 
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As  this  paper  might  be  considered  incomplete  were  no  refer- 
ence made  to  one  or  two  things  which  have  beeo  broneht 
forward  as  verifi cations,  I  will  briefly  allnde  to  thera.  Wiloe'e 
next  strongest  argument  to  those  given  above,  is  a  table  which 
gives  the  westerly  progression  of  the  zeros  of  declination 
across  the  Atlantic  from  1492-1880,  and  herein  is  included 
that  very  ancient  observation  of  Columbus  where  his  needle 
changed  from  eagt  to  west,  concerning  the  exact  location  of 
which  there  has  been  controversy.  All  that  will  be  said  ie 
that  Wilde  gives  no  means  for  the  verification  of  his  flgares, 
as  he  did  at  those  stations  which  have  been  discussed.  Far- 
thermore  the  table  has  been  obtained  on  the  assumption  that 
the  inner  sphere  retreated  at  the  annual  rate  of  22*5  minutee 
of  arc.  It  bas  already  been  shown  that  for  St.  Helena  lie 
sphere  lagged  behind  27''8  and  the  table  of  periods  shows  that 
for  every  point  on  the  globe  this  rate  is  different.  Again,  the 
points  mentioned  affectmg  the  accuracy  of  a  determination  of 
the  declination  on  the  Magnetarium  and  from  compariwDS 
made  between  fact  and  theory  wherever  possible,  it  is  very 
much  doubted  if  Wilde  can  get  within  5° — certainly  not  within 
3°.  Now  when  you  take  into  consideration  that  if  the  isogoiiic 
lines  do  not  cut  the  meridians  or  parallels  sharply,  it  can  be 
seen  how  little  reliance  can  be  put  ujKin  the  determination 
of  geographical  position  by  means  of  the  magnetic  declina- 
tion. Nor  need  Wilde  have  gone  back  to  the  time  of  Colum- 
bus, where  we  have  absolutely  no  data,  to  verify  his  theory. 
If  he  will  reproduce  in  range  and  period,  Paris,  Cape  of  Good 
Hope,  New  York  City,  and  St.  Johns,  conjointly  not  sepa- 
rately, we  will  ask  no  further  verification. 

Tlie  opinion  of  this  paper  then  is  that  while  Wilde's  theory 
has  given  us  a  aeciflar  variation,  it  lias  not  given  us  the  secular 
variation  ae   aiaiiilL'sted  on  the  earth.     Nor  has  it  given  n^  i 
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4lRT.  LXIII. — JoaephiniUy  a  new  Nickel-Iron ;    by  W.  H. 

Melville. 

History. — Several  months  ago  Prof.  F.  W.  Clarke  sub- 
iiitted  to  me  for  examination  a  quantity  of  magnetic  pebbles 
^bich  were  sent  to  this  office  by  Mr.  Wm.  H.  Hampton  of 
Portland,  Oregon,  and  by  subsequent  correspondence  with 
:his  fi:entleman  he  obtained  a  larger  amount  with  full  liberty  to 
publish  the  results  arrived  at  in  the  lal)oratory. 

In  the  spring  of  1891  Mr.  Hampton  discovered  these  pebbles 
!n  large  quantities  in  the  placer  gravel  of  a  stream  in  Jose- 
phine and  Jackson  Counties,  Oregon,  wliich  border  on  the 
south  of  Douglas  Co.  where  the  nickel  silicate^  described  by 
Prof-  Clarke  occurs.  He  analyzed  with  reference  to  nickel 
md  iron  an  average  sample  of  twenty  pounds  of  the  wash 
gravel  from  the  placer  diggings,  and  found  that  the  metallic 
portion  gave  60*3  per  cent  nickel  and  20*7  per  cent  fron. 
From  the  nature  of  the  gangue  or  stony  portion  Mr.  Hampton 
3oncluded  that  these  waterworn  pebbles  and  bowlders — for 
jome  pieces  weighed  over  one  hundred  pounds — "  came  from 
sin  eruptive  dike  somewhere  in  the  vicinity."  The  locality  of 
this  dike  was  not  at  that  time  ascertained. 

Physical  Characters. — The  pebbles  are  irregular  in  shape 
but  approximate  the  form  of  ellipsoids.  Their  smooth  sur- 
faces, polished  by  the  action  of  water,  are  colored  in  general 
[greenish  black,  interrupted  by  bright  areas  of  tlie  grayish  white 
alloy  of  nickel  and  iron.  The  former  portions  consist  of 
iiliceous  matter  and  when  cut  by  a  knife  yield  a  dull  and  light 
jray  powder,  but  broken  fragn^ents  show  greenish  yellow  and 
deep  green  colors  and  resinous  luster  resembling  nol)le  serpen- 
tine. With  this  is  associated  in  some  pebbles  a  silicate  whose 
hardness  is  between  5  and  6.  It  is  compact  and  on  the  fresh 
fracture  exhibits  a  light  brown  color  and  vitreous  luster,  while 
exposed  surfaces  are  reddened  by  ferric  oxide. 

The  texture  of  the  metallic  portion  a.s  it  aj)pears  on  fracture 
is  granular.  The  metal  is  gray,  malleable  and  suctile  with 
hardness  about  5. 

The  specific  gravity  of  one  lot  containing  forty-two  pebbles 
was  taken  in  a  pycnometer  at  a  temperature  of  22^  C.  These 
pebbles  ranged  in  weight  from  0*3159  to  l-n-ltt?  grams  and 
were  about  the  dimensions  of  a  pea.  The  largest  ])ebble  in 
rny  possession  weighed  4*2847  grams,  and  the  specific  gravity 
31  this  was  made  by  suspending  it  from  a  silk  fiber.  Two 
determinations  furnished  a  mean  specific  gravity  of  6*204. 

♦  Bulletin  No.  60,  U.  S.  Geol.  Survey,  p.  21,  1887-1888. 
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Tbe  pebbles  are  strongly  magoetic 

Analyaen. — Tlie  analyees  were  conducted  witli  the  aim  of 
Beparating  the  pebbles  into  their  proximate  principles  and  ak> 
their  nltimate  constituents.  Two  different  lots  of  abont  twelve 
grains  each  were  pulverized  in  a  steel  mortar,  a  delicate  and 
tedious  operation  owing  to  the  extreme  malleability  of  tbe 
nickel-iron.  Two  complete  analyses  of  these  samples  wen 
made.  The  ratio  between  the  nicke!  and  iron  in  the  metallic 
state  was  ascertained  by  deducting  from  the  total  amounts  of 
each  of  these  elements  those  quantities  which  were  found  in 
other  combinations.  The  ordinary  method  of  fusion  with 
sodinm  hydrate  and  subsequent  treatment  of  the  residue  with 
concentrated  nitric  acid  failed  to  give  the  true  contents  of  the 
metallic  portion  in  the  pebbles,  because  the  nickel-iron  was  not 
passive  in  this  acid.  Tne  ratio  between  the  nickel  and  iron. 
however,  conld  be  obtained  by  this  method. 

The  stony  matter  was  freed  as  far  as  practicable  from  the 
magnetic  parts  by  a  fractional  process,  that  is  to  say  by  the 
repeated  use  of  an  electro-magnet  and  by  the  decantation  of 
tbe  light  particles  suspended  in  water,  "The  siliceous  portion 
was  then  analyzed.  A  fresh  sample  was  treated  with  dilated 
hydrochloric  acid,  and  after  repeated  evaporations  the  solublf 
silica  was  separated  from  the  insoluble  residue  and  weighed. 
The  insoluble  residue  was  analyzed,  and  the  percentajfe  com- 
position of  soluble  silicate  was  inferred  from  tais  analysis,  the 
analysis  of  the  total  siliceous  matter,  and  the  total  silica  of  the 
pebbles. 

The  mean  composition  of  the  pebbles  is  shown  by  the  fol- 
lowing numbers : 
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Total 
Per  ceDt  in  pebbles.        silicate. 

SiO 514 

A1,0, 0-33 

Fe.O, 2-08 

(Ni,Co)0 0-32 

CaO  1-62 

MgO 2-69 

NaO 0-08 

H.O  above  100°  C.  1-12 


Insoluble 
silicate. 

0-23 

0*03 

0-04 

trace 

0-06 

0-14 


13-38 


0-50 


Soluble 
silicate. 

4-01 
0-30 
2-04 
0-32 
1-56 
2-55 
0-08 
112 

12  88 


CompositioD. 


Insoluble  silicate. 
Per  cent.     At.  ratio. 

SiO     46-63         304 

A1,0, 6-58         0-391 

Fe,0, 8-77         0-33  I 

(Ni,Co)0 undetermined  \2'h\ 

CaO 11-03        0-39 

MgO 28-01  1-40J 

nIo ^ 

H,0  above  100**  C,   


Soluble  silicate. 
Per  cent.    At.  ratio. 


Total 10002 


38-23 
2-34 

15-88 
2-49 

12-14 

19-85 
0-35 
8-72 

100  00 


74 


2-55 

0-60  j  " 

0-07  1 

0-43 

0-99  |^2-47 

0-01 

0-97 


Silicates. — There  are  two  silicates,  tlien,  the  one  soluble  in 
hydrochloric  acid  being  undoubtedly  serpentine.  This  serpen- 
tinQ  surrounds  the  metallic  portion,  and  on  polished  sections 
its  deep  green  color  is  well  brought  out.  It  has  not  penetrated 
into  the  metallic  mass,  and  it  would  appear  that  the  pebbles 
once  formed  a  large  aggregation  and  that  fractures  toolc  place 
in  directions  of  least  resistance  through  the  serpentine.  Other 
characters  of  serpentine  were  noted,  its  resinous  luster,  its 
hardness  of  about  3,  and  its  infusibility.  In  the  closed  tube 
water  was  given  off.  The  atomic  ratio  of  the  combined  bases 
and  water  to  silica  is  3*2  : 2-55  or  5  :  4,  a  ratio  which  is  identi- 
cal with  that  of  serpentine.  The  ratio  between  bases  and 
water,  7  : 3  instead  of  3:2,  is  not  the  true  ratio  for  these  con- 
stituents in  serpentine  as  it  exists  in  the  pebbles,  because  tlie 
analysis  is  calculated  from  figures  obtained  from  material 
which  was  dried  at  100°  C.  Again  the  reddish  brown  colora- 
tion of  this  dried  material  indicated  tlie  presence  of  some 
impurity,  probably  o.xides,  and  tliis  could  not  be  eliminated. 
The  water  is,  therefore,  too  low  and  the  iron  oxide  too  high. 

The  insoluble  silicate,  however,  cannot  be  so  clearly  made  out. 
Its  atomic  ratio,  SiO, :  base  =  6:5,  brings  it  nearer  an  ortho- 
silicate  than  a  metasilicate.  It  is  light  brown,  vitreous,  hard, 
compact  and  not  cleavable.  It  does  not  fuse  before  the  blow- 
pipe.    It  is  not  so  hard  as  olivine  and  its  insolubility  in  acid 
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exelades  this  iniDeral.  Id  phyBical  and  pyrognostic  cbancten 
and  to  some  extent,  also,  la  composition  it  agrees  fairl;  with 
bronzite  (enstatite).  The  probable  silicates  to  occar  in  thif 
association  are  pyroxene,  olivine,  enstatite,  from  which  serpen 
tine  is  derived,  while  a  feldspar  is  not  to  be  expected.  I  did  not 
determine  to  which  silicate  the  sodinm-oxide  belonged,  owing 
to  its  small  quantity  and  the  small  quantity  of  insoluble  stU- 
cate  in  the  pebbles.  A  mixture  of  a  soda-lime  feldspar  and 
enstatite  {or  pyroxene)  would  answer  the  requirements  of  the 
ratio,  bat  this  is  purely  speculative.  So  far  as  the  data  go  it  is 
best  to  regard  this  silicate  as  an  impnre  bronzite. 

During  attempts  to  purify  the  silicates  it  was  noticed  that 
on  the  removal  of  the  metallic  part  by  a  neutral  concentrated 
solution  of  either  cupric  sulphate  or  mercuric  chloride  that  the 
silicate  was  more  or  less  attacked.  Magnesia  was  removed, 
and  one  analysis  showed  that  out  of  2'69  per  cent  MgO  Id  the 
pebbles  only  048  per  cent  remained  in  the  purified  silicate. 
Curiously  no  iron  or  lime  was  removed.  Pulverized  olivine 
and  serpentine  were  each  digested  with  copper  sulphate  on  the 
water  bath  two  or  three  hours;  a  yellow  copper  salt  wa* 
deposited  and  a  large  quantity  of  magnesia  was  taken  out  of 
both  silicates.  A  basic  copper  sulphate  was  produced,  and  the 
liberated  sulphuric  acid  (SO,)  combined  with  magnesia  to  mag- 
nesium sulphate.  In  the  presence  of  olivine  or  serpentine  thi^ 
treatment  for  the  purificatioQ  of  the  silicate  is  inadmissible. 

V/iromiie. — Under  tJic  microscope  a  minute  quantity  of 
black  metallic  grains  can  be  seen  in  the  siliceous  portion,  which 
do  not  precipitate  copper  from  a  sulphate  solution.  These 
grains  consist  of  chromite  with  a  very  few  strongly  magnetic 
particles  of  magnetite,  0'04  per  cent  of  chromium  was  found 
m  the  pebbles,  while  the  per  cent  of  chromium  corresponding 
<  01".i   per  cent  of  chrome  iron  is  0036.     The  presence  of 
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ealcniated  from  the  total  Bulplmr,  0*22  per  cent.    Hydrogen  eal- 

5 hide  was  liberated  in  considerable  quantity  when  the  pow- 
ered pebble  was  treated  with  diluted  chlorhydrie  acid.  Mil- 
lerite  does  not  act  thus. 

Copper. — The  copper  is  not  a  constituent  of  the  pyrrhotite, 
but  belongs  to  the  nickel  iron.  Copper  minerals  were  not 
detected  under  magnifying  power. 

Arse7itc. — Arsenious  oxide  was  condensed  in  the  cool  parts 
of  a  tube  through  which  air  was  allowed  to  pass,  as  also  in  all 
the  tubes  used  for  the  determination  of  volatile  matter.  No 
sulphide  of  arsenic  dissolved  by  digesting  in  the  cold  with 
ammonium  carbonate,  nor  could  ni«!colite  (nickel  arsenide)  be 
detected.  Arsenic  forms  a  part  of  the  metallic  portion  of  the 
pebbles. 

Chlorine. — The  chlorine  was  determined  in  a  nitric  acid 
solution  of  the  original  powder,  a  blank  experiment  with  the 
use  of  the  same  quantity  of  reagents  being  run  parallel  with 
that.  In  an  aqueous  solution  were  found  iion,  nickel,  magne- 
sium, sodium  and  chlorine,  and  this  fact  together  with  the 
small  available  quantity  of  chloride  caused  the  difhculty  in 
determining  to  which  element  chlorine  was  combined.     The 

Eresence  of  iron  and  nickel,  since  pyrrhotite  carries  nickel,  can 
e  accounted  for  in  the  aqueous  solution  by  the  easy  oxidiza- 
bility of  the  sulphuret  with  free  access  of  air.  Green  ferrous 
chloride  could  not  be  detected  in  the  powder,  nor  any  soluble 
salt  possessing  that  color.  The  permanence  of  the  pebbles  in 
air  is  also  a  presumption  in  favor  of  the  absence  of  lawrencite. 
Nickel  chloride  has  not  before  been  observed,  but  may  pos- 
sibly exist  in  these  specimens.  It  is  more  prol)able  that  the 
chlorine  is  united  with  sodium  0'04:  per  cent  requiring  0'026 
per  cent  Na  or  0'035  per  cent  Na/).  The  magnesium  is  in 
the  form  of  carbonate 

WaUr  and  Volatile  Matter, — The  powdered  substance  in 
a  platinum  boat  was  heated  in  a  glass  tube  in  a  stream  of 
dry  carbonic  anhydride,  and  the  water,  both  hygroscopic  mois- 
ture and  water  of  constitution,  was  weiglie(l  in  a  ehluride  of 
calcium  tube.  Another  portion  was  heated  in  hydrogen  gas, 
and  hence  the  oxygen  in  the  oxides  was  known,  altlunigh  this 
amount  might  have  included  some,  if  not  all,  of  the  oxygen 
combined  with  iron  in  the  ferric  state  in  the  silicates.  After 
burning  in  a  current  of  dry  air  and  then  ro<lucini;  in  hydrogen 
the  total  loss  was  ascertained  from  the  (h'ffcrence  in  weight  of 
tlie  contents  of  the  boat  before  and  after  the  operation.  In 
all  cases  except  when  burnt  in  air  a  brownish  cloud  possessing 
an  empyreumatic  odor  was  driven  off  without  leaving  a  brown 
black  sublimate  in  the  tube,  it  was  a  volatile  organic  sub- 
stance whose  nature  was  not  discovered.     The  pulverized  peb- 
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bles  when  treated  with  dilute  hydrochloric  acid  at  the  l» 
perature  of  the  water  batli  gave  the  odor  cliaracteristic  of  lit 
decomposition  of  a  carbide,  so  that  the  volatile  matter  pn 
in  the  analysis  consists  of  organic  matter,  namely  comuiej 
carbon  and  probably  a  hydrocarbon.  All  loss  arising  frondi 
volatilization  of  arsenic,  sulphur  and  clilorine  have  not  bed 
included  in  the  per  cent  given  for  volatile  matter. 

Nick^lroji. — Of  special  interest  is  the  metallic  portion. 

(1)  (2)  At  ntio. 

Two  analyses  gave: — Fe         23-36         23-09  0-41 

Ni         60-47         60-43  1-03 

From  this  ratio  is  deduced  the  formula  Fe,Ni,. 

The  following  table  gives  a  comparison  of  a  few  BKamples 
of  nickeliferous  iron  which  form  an  instructive  series : 

CatariDLte*      Octihbehite.f      Awaniite.}       Joaepbiailf. 
Iron  63-60  3;-t!9  SlOi  -iZ"^ 

Nickel  33-97  59-69  67-63  60-45 

Atomic  Ratio  K.J, .(,.53      q -66  : 1-02      0-06:1-17       0-41 :  I-OI      I 

2(FeNi,)  I 

Formula  Fe.Ni  Fe,Ni,  Fe.Ni.  Fe.Ni,         | 

The  question  naturally  arises'  whether  the  origin  of  these 
pebbles  is  cosmic  (meteoric)  or  terrestrial.  Catarinite  and 
octibbeiiite  have  been  considered  meteoric  falls,  while  awamite 
has  l>een  traced  from  the  drift  in  the  Awarna  river  on  tLe 
western  side  of  the  middle  island  of  New  Zealand  to  a  "raonn- 
tain  of  peridotite,  an  olivine-enstatite  rock  more  or  less  serpen- 
tinized,"  and  is  undoubtedly  terrestrial.  In  thedriftare  found 
gold,  platinum,  cassiterite,  cliromite  and  magnetite.  TLe 
placer  gi-avei.  in  which  josephinite  is  found,  is  like  that  of 
vitli  tlif  L'Xt;eptioii  of  the  occnn-enci;  of  ]  ' 
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proved  the  absence  of  phosphorus  both  as  terrestrial  phosphate 
and  meteoric  phosphide.  In  the  published  analysis  of  awaruite 
by  W.  Skey  no  pnosphorus  is  given.  Catarinite  and  octibbe- 
hite  contain  0*05  pei*  cent  and  010  per  cent  respectively. 

By  etching  with  nitric  acid  Widmannstatten  figures  cannot 
be  produced  upon  a  polished  surface  of  the  nickel-iron.  The 
metal  seems  to  be  homogeneous,  and  the  little  sulphide  to 
occur  in  the  fissures.  Awaruite  is  passive  toward  an  acid  solu- 
tion of  copper  sulphate,  and  only  with  difficulty  and  long  heat- 
ing is  the  nickel-iron  from  Oregon  completely  dissolved  with 
replacement  of  the  copper  in  a  sulphate  solution.  This  passive 
state  is  uncommon  with  the  ordinary  nickel-iron  of  meteorites, 
but  the  high  percentage  of  nickel  may  account  for  this  property. 
Concentrated  nitric  acid  dissolves  the  alloy. 

Daubr^e*  points  out  that  meteorites  and  analogous  terrestrial 
rocks  diflEer  in  that  the  former  contain  in  a  reduced  state  certain 
substances  which  appear  in  the  latter  in  the  state  of  oxides. 
This  idea  could  be  extended  to  include  metamorphism  in  its 
broadest  sense.  Serpentine  is  rarely  found  in  meteorites, 
although  "Wohler  has  recognized  it  in  some  carbonaceous  meteo- 
rites. In  the  two  cases  of  awaruite  and  josephinite,  serpentine 
is  the  principal  silicate  derived  in  the  former  from  olivine  and 
enstatite.  Daubr^elite  is  metamorphosed  into  chrome-iron, 
and  this  may  possibly  be  the  explanation  of  the  origin  of  the 
latter,  that  the  double  sulphide  of  chromium  and  iron  existed 
in  the  ferro-magnesian  silicates  before  or  at  the  time  of  their 
serpentinization,  and  was  then  oxidized  to  chromite. 

The  evidence  cited  in  the  previous  paragraphs  points  to  the 
terrestrial  origin  of  the  pebbles  which  form  the  subject  of  this 
paper,  and  here  the  question  of  origin  must  rest  till  the  nickel- 
iferous  iron  is  found  in  situ. 

The  name  josephinite  is  given  in  honor  of  the  county,  its 
locality,  in  accordance  with  the  custom  in  use  for  naming 
analogous  substances. 

Laboratory,  U.  S.  Geological  Survey,  March,  1892. 


Art.  LXIV. — A  Fibrous  InUrgrowih  of  Avgite  and  Plagio- 
clase^  resembling  a  I'eaction  rim,  in  a  Min7iesoia  Gabbro  / 
by  W.  S.  Bayley. 

In  the  coui'se  of  an  investigation  into  the  microscopical 
characteristics  of  the  gabbro  forming  the  great  flow,  or  flows, 
near  the  base  of  the  Keweenawan  series  of  rocks  in  north- 

*  Etudes  Synthetiques  do  G^ologie  Experimentale  par  A.  Daubr^,  1879,  p.  578. 
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eHStem  Minnesota,*  the  attention  of  the  writer  was  repeatedk 
attracted  by  a  fibrans  growth  aronnd  olivine,  that  resembla 
very  strongly  the  reaction  rims  that  have  been  described  ae 
esisting  between  garnet  and  serpentine  by  Sehraaf+  ind 
Becke,;^  between  garnet  and  olivine  by  Diller,^  and  between 
the  last  named  mineral  and  feldspar  by  Toraeboiim,|i  Jnlien,^ 
Becke,**  G.  H.  Williams.ft  Schueter.tt  Teall,^  and  Lacroii  | 
A  close  Btndy  of  the  phenomenon,  however,  discloBed  the  faa 
that  the  growth  ie  not  due  to  reactionary  processes  between 
the  rock's  constituents,  bnt  is  simply  an  original  intergrowtb 
of  two  of  them.  Ite  appearance,  nevertheless,  ie  so  snggestive 
of  a  reactionary  origin  (see  fig.  I),  that  it  has  been  thonght 
well  to  describe  it  briefly. 

The  rock  iu  which  the  phenomena  occnr  is  a  very  coarse 
grained  gabbro,  composed  of  a  perfectly  freab  olivine  with 
the  composition  of  liyalosiderite,  a  pink  or  pnrple  dialiage  and 
labradonte,  whose  analysis  yielded  Dr.  Hiltebrand  the  hiHov- 
ing  figures : 


Its  etructnre  is  typically  gabbroitic,  in  that  the ^>^^ioc^a#«  ie 
the  youngest  of  the  three  components,  and  not  i\M^  pyroxeiit, 
as  in  the  case  of  the  diabaaes-Tl^  It  is  peculiar,  however,  in  the 
fact  that  in  most  sections  the  diallage,  instead  of  occurring  in 
grains  and  plates  scattered  indiecnminately  among  the  other 
constitnents,  exhibits  a  fondness  for  the  proximity  of  the  oli- 
vine. As  illustrated  in  figure  2  (specimen  from  the  Palls  <\i 
the  Cloquet  River,  SEJ  Sec  84,  T.  5S  N.,  R.  14  W.)  the 
diallage  envelops  the  olivine  grains  and  bo  separates  theia 
from  the  surrounding  ptagioctase  It  is  evident  that  the  first 
mineral  to  ffini.  fituri  tlie  magma  was  olivine.     Then  followed 
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olivine  grains  and  continned  to  grow  nntil  it  had  abstracted  all 
pjroxenic  material  from  tlie  still  liquid  muss.  The  residue 
solidified  as  labradorite.  When  the  diallage  is  present  in  the 
rock  in  large  amonnts  it  completely  envelopes  the  olivine; 
when  it  is  present  in  small  quantity  only,  it  forms  a  very  nar- 
row rim  that  may  or  may  not  snrround  the  older  mineral. 
Althongh  the  association  of  olivine  and  diailage  is  not  as  de- 
scribed in  all  sections,  it  is  siiffiuicntly  common  in  the  rock  to 
emphasize  the  tendency  of  the  latter  to  arratige  itself  around 
the  former. 


Fie.  I.  UliviDe  and  biobte  Bur- 
ronnded  by  fibrout  growth?  resem- 
bliag  resctioD   rinu.     Section   702S. 


Flo.  !,  SectioD  of  olivioe-gibbTo, 
eihibilLDK  t)ie  teodenoy  of  Uie  pf- 
roietiB  to  include  oliviae  grainH. 
Section  1103.      x  SO. 


In  one-third  of  the  sections  of  this  rock  studied,  the  olivine 
grains,  where  they  would  otherwise  come  in  contact  with 
plagioclase,  are  kept  from  doing  so  by  a  finely  fibrous  growth 
that  polarizes  in  some  places  with  bright  colore,  and  in  others 
with  the  blnish-gray  tint  of  thin  feldspar.  Though  in  general 
these  fibers  extend  perpendicularly  from  the  bounding  surfaces 
of  the  olivines,  they  occasionally  form  radial  fjroups  centering 
at  points  near  the  peripheries  of  the  surmunded  mineral.  Nor 
are  the  fibers  in  all  cases  continuous.  Tliev  often  branch  and 
fork,  and  frequently  stop  suddenly  at  short  distances  from 
their  points  of  origin,  while  new  fillers  liegin  their  cimrses 
just  beyond.  This  fibrous  envelope,  moreover,  is  not  ccmfined 
exelasively  to  the  vicinity  of  olivine.  It  is  found  also  around 
decomposed  biotite  (see  upper  left  hand  corner  of  fig.  1)  and 
around  grains  of  magnetite  (fig,  3). 

A  close  inspection  of  the  sectious  often  reveals  the  presence 
of  an  intermediate  zone  between  the  fibrous  one  and  the  min- 
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eral  BDrronnded  bj  it.  This  is  ver;  narrow  and  coDsists  of  a 
highly  refractive  substance  with  Btrong  doable  refraction  (figs. 
1  and  3).  Tliig  zone  is  too  narrow  to  admit  of  the  nature  of 
its  material  being  discovered  by  its  optical  characteristics;  but 
every  gradation  can  be  traced  between  wide  enveloping  man- 
tles of  diallage  and  thin  eeams  with  all  of  the  cliaracteristics 
of  the  intermediate  zone.     Moreover,  it  is  frequently  noticed 


Fio.  3.  Fibroun  inloi^rowtli  around 
magnetiteT  Between  the  laller  mine- 
ral and  llie  flbroiia  rim  can  be  wen  a, 
narrow  7«ne  of   diallage.      Section 


Pio.  i.  Olivine  partly 
rouDiled  by  narrow-  ri  c 
jugite,  wliich 
iritt  large  plate  i 
ral.     HSU3.   x   CH 


that  the  narrow  rim  widens  out  and  expands  into  large  wedge- 
shaped  plates  of  whose  diallagic  nature  there  can  be  no  doubt 
(tig.  4).  yincc  tlie  narrow  zones  between  the  fibrous  envelope 
and  the  surrounded  minerals  are  similar  in  every  respect  to 
these  narrow  rims  of  pyroxene,  it  is  safe  to  assume  that  the 
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For  evidence  as  to  the  nature  of  the  constituents  of  the 
intererowth  an  appeal  must  be  made  to  the  fibrous  growtli 
itself  But  this  is  not  as  satisfactory  as  it  niiglit  be,  for  the 
fibers  in  most  cases  are  so  fine  that  nothing  more  definite  can 
be  detected  in  the  rim  than  an  intergrowth  of  two  distinct 
substances.  In  instances  where  its  fibrous  structure  is  less  well 
developed,  and  its  components  are  coarser,  the  two  minerals 
composing  the  rim  are  seen  to  differ  in  their  colors  between 
crossed  nicols,  as  already  indicated.  One  of  these  is  in  long 
narrow  stringers,  with  club-like  extremities.  It  appears  to  be 
continuous  with  the  plagioclase  on  one  side  of  it  and  to  extend 
between  similar  tongues  of  a  more  highly  refractive  substance 
that  spring  from  the  opposite  side.  It  is  occasionally  marked 
by  twinning  bars  that  are  continuations  of  those  existing  in 
the  surrounding  plagioclase,  and  it  extinguishes  simultaneously 
with  the  latter.     It  is  undoubtedly  plagioclase. 

The  more  highly  refractive  mineral  intergrown  with  the 
feldspar  is  occasionally  in  such  coarse  fibers  that  its  augitic 
character  cannot  be  questioned.  In  the  section  of  rock  No. 
8800,*  for  instance,  a  large  grain  of  olivine  is  penetrated  by 
two  lath-shaped  crystals  oi  plagioclase.  Between  the  feldspars 
and  the  olivine  is  a  very  narrow  rim  of  augite,  while  perhaps 
half  of  the  material  within  the  outlines  of  the  crystals  consists 
of  the  fibrous  intergrowth.  On  the  side  of  the  intergrowth 
toward  the  augitic  rim,  its  highly  refractive  component  assumes 
such  broad  dimensions  that  diallagic  characteristics  may  be 
traced  in  it,  far  beyond  the  points  where  it  leaves  the  rim  to 
form  prolongations  between   the  pla-  5. 

gioclase  fibers.  Fig.  5  illustrates  a  case 
m  which  augite  sends  out  into  the  pla- 
gioclase in  which  it  is  imbedded,  long 
pseudopodia-like  tongues.  Many  other 
instances  like  the  last  might  be  cited 
to  show  the  tendency  of  the  diallage 
to  form  intergrowths  with  the  plagio- 
clase, but  enough  has  already  been 
written  to  emphasize  the  point. 

It  is  true  that  there  is  no  absolute  y^<^-  •>•  Aupte  plate  and 
proof  that  the  highly  refractive  sub- :?);^'^"^^   ^rrain  in  plagioclase 

'^  ^    1       /•        iTi  •  ^       ilio  aii^nte  m  the  bencl  extends 

stance  of  the  line  tbrous  intergrowtlis  out  into  the  feldspar,  giving 

is  identical    with    the    material   of    the  rise  to  an  intergrowth,    very 

coarse   prolongations  just   mentioned,  ^.^J^;:^^'''^ ''.[/^'^  ^^'''^"'  ""^- 

but  the  series  of  gradations  between 

the  mantles  surrounding  olivine  and  the  fibrous  intergrowth  is 

•All  numbers  of  rocks  refer  to  the  series  belonging  to  the  Lake  Superior 
Division  of  the  U.  S.  Geological  Survey. 

Am.  Joub.  Sci.— Third  Series,  Vol.  XLIII,  No.  258.— June,  1892. 
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BO  complete  (Figs.  2,  4,  5  and  1),  that  the  inference  is  jaetified 
that  the  highly  refractive  component  of  this  interg;rowth  i^ 
diallage.  In  the  coaree-grained  gabbros  the  maotle  aronndtht 
olivine  is  certainly  diallage;  in  tnose  cases  where  a  very  tbii 
seam  iB  interposed  between  the  fibrous  growth  and  the  mineral 
it  envelops,  the  material  of  this  seam  is  as  surely  a  pyroieoe 
Moreover,  tlie  angite  of  the  rock  frequently  sends  ont  prolon- 
gations of  it@  own  BQbstance  into  the  surrounding  plagiocliEC 
and  the  ends  of  these  prolongations  have  characteristics  thit 
are  identical  with  tliose  of  the  more  highly  refractive  comp 
nent  of  the  intcrgrowths.  Finally,  in  the  coarser  rims,  ttieir 
constituents  may  l>e  traced  on  the  one  side  into  plagioclase  and 
on  the  other  side  into  diallage. 

We  may  safely  infer,  therefore,  that  the  fibrous  intergrowtb, 
which  BO  closely  resembles  a  reaction  rim  between  olivine  and 
plagioclase,  but  which  is  surely  not  sucli,  is  merely  a  gnmo- 
phyric  aggregate  of  plagioelase  and  pyroxene.  The  major 
portion  of  the  latter  mineral  in  the  rock  separated  before  tlu- 
feldspar,  and  taking  advantage  of  the  surfaces  afforded  l\v 
the  already  formed  olivine  and  magnetite,  fastened  Dpon  them. 
But  in  many  cases,  before  the  crystallization  of  the  pjTvxeac 
had  ceased,  the  feldspar  began  to  form,  and  the  two  mineral 
crystallized  together  micropegmatitically. 

So  far  as  known  to  the  writer,  only  one  other  description  of 
a  similar  intergrowth  of  augite  and  plagioelase  in  a  manner 
resembling  a  reaction  rim  is  to  be  found  in  petrographiwl 
literature.  In  18S7  Caraerlander*  mentioned  the  existeneeof 
siicli  an  intergrowth  aronnd  garnets  in  a  contact  rock  from  near 
Prachatitz  in  the  Bohemian  Forest,  The  original  desuription 
has  not  been  seen,  but  in  a  review  of.it  by  Becke,t  words  are 
used  that  might  well  be  applied  to  the  phenomeDon  observed 
the    Minnesota    rock:     ■*  Especially  are   the    gurnets  nflen 
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^RT.  LXV. — A  Method  for  the  DeUrminaiion  of  Barium 
tn  the  presence  of  Calcium  and  MagneBiuni ;  by  F.  W. 
Mar. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — XTV.] 

The  recent  investigation*  by  Prof.  R.  Fresenius  of  the 
'aloe  of  the  various  methods  which  have  been  proposed  for 
he  separation  of  barium  and  calcium,  sliows  that  but  two  of 
he  methods  tested  by  him  are  sufficiently  accurate  for  good 
inalytical  work,  and  even  with  these  it  is  necessary  to  make 
wo  treatments  in  order  to  obtain  a  complete  separation.  The 
nethod  here  described  may  therefore  l)e  of  interest  and  by 
"eason  of  its  rapidity  and  accuracy  may  prov^e  valuable,  although 
ince  the  publication  of  the  work  of  JVesenius  another  methodf 
lae  been  published  from  this  laboratory  which,  in  point  of 
iccuracy,  leaves  little  to  be  desired. 

It  has  long  been  known  that  barium  chloride  is  insoluble  to 
I  marked  degree  in  concentrated  hydrochloric  acid,  but  the 
liflBculty  of  filtering  off  the  strong  acid  has  in  the  past  preven- 
ed  the  determination  of  the  exact  amount  of  this  insolubility, 
tnd  for  the  same  reason  the  reaction  has  not  been  available  for 
[uantitative  use.  Since  the  invention  of  the  Gooch  crucible, 
lowever,  the  treatment  of  such  strong  acid  filtrates  has  become 
t  matter  of  the  greatest  ease,  and  it  seemed  worth  while  to 
nvestigate  the  limits  of  the  insolubility  of  barium  chloride  in 
he  strong  acid  and  to  ascertain  whether  the  reaction  might  not 
)e  of  use  in  the  separation  of  barium  from  calcium  and  mag- 
lesinm,  the  chlorides  of  which  are  soluble  in  the  strong  acid. 

The  barium  chloride  used  in  the  following  experiments  was 
he  pure  crystallized  chloride  containing  two  molecules  of 
^ater.  The  calcium  salt  was  the  |)ure  fused  chloride,  and  the 
nagnesium  salt  was  the  pure  crystallized  magnesium  chloride 
Iried  at  50°  C.  As  the  two  latter  were  not  determined  in  the 
experiments  it  was  not  necessary  to  know  the  composition  of 
he  salts  used  as  regards  hygroscopic  moisture.  Attention  was 
irst  given  to  determining  the  solubility  of  barium  chloride  in 
lydrochioric  acid. 

Series  A. 


2xp.    BaCla 

.211,0 

Water. 

HCl. 

Total  nitni 

te.      IJaCl, 

• 

Loss. 

0-5024 

grin. 

5 

cm' 

20 

cm' 

1 

0  4l>4I  grin. 

0-0041  grm. 

0-5084 

5 

ii 

20 

0-4:^04 

o-ou;:io  '  *' 

0-5099 

2 

u 

25 

O-43-20 

0-0027     '< 

0-5033 

2 

(( 

25 

90  cm' 

0-4'251 

0-0039     " 

0-5047 

2 

« 

25 

52     '* 

0-4247 

0-0055      " 

0-5065 

2 

(( 

50 

115    '' 

0-4257 

0-0060     '' 

0-5008 

2 

(C 

50 

75     " 

0-4218 

0-0051      " 

0-5011 

2 

(( 

50 

93     " 

0-4220 

0-0051      " 

0-5024 

2 

C( 

75 

123    ** 

0-424ft 

vi-ViVi^n    '-'' 

*Zeitachrift  fur  anal.  Chem.,  xxx.  595. 

fP.  R.  Browning,  thifl  Journal,  vol.  xWW,  p.  "SV^. 
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The  experiments  in  Series  A  were  made  as  follows : — The 
barium  salt  was  weighed  out,  placed  in  a  small  beaker  and  dis- 
solved in  tlie  amonnt  of  water  indicated.  The  barium  w»s 
then  precipitated  as  the  anhydrous  chloride  by  adding,  grada- 
ally  at  firat,  the  amount  of  hydrochloric  acid  shown.  After 
standing  for  five  or  ten  minntes  the  precipitates  were  filtered 
off  upon  asbestos  in  Gooch  crucibles,  washed  with  concentrated 
hydrochloric  acid,  dried  sometimes  over  a  low  flame  (at  abont 
150°-2(I0°  C.)  and  sometimes  in  an  air  lath  heated  to  165°  C.  and 
weighed.  In  several  cases  the  total  filtrate  waa  measured  and 
the  volume  is  given  in  the  tabular  statement.  The  resulU 
show  a  considerable  solubility  amonnting  to  about  1  part  in 
8000  under  the  conditions  given. 

SsaiES  B. 
Exp.     BaCli.2K,0     Water.    HCI.    Total  filtrate.         BaCl,.  Lo99. 

10.  0-5057  grin.    2  cm'    25  cm'    75  cm'    0-4268  grm.  00042  griii. 

11.  0-5017    "        5  "      50  "        90  "       0-419S    "  O-OOTfi    " 

12.  0-5068    "       3  "      50  "      100  "       0-4235    "  0-0035    " 

13.  0-5019    "        2  "    100  "      144  "       0'4186    "  O-OOS-2    '■ 

The  experiments  in  Series  B  were  conducted  similarly  to 
those  of  Series  A  except  that  the  precipitates  were  allowed  to 
stand  24  hodrs  before  filtration.  The  loss  due  to  soluhiliu 
was,  as  is  shown  by  the  table,  greater  than  before,  due  doubtIes^ 
to  the  escape  of  hydrochloric  acid  gas  from  the  solution. 

Sehies  c. 
Bip.      BaCl,.2HiO     Wuter.      HG,        Alcohol.  BaCl,  Ltws. 

14.  0-5011  grm.    3cm*    25cm'     15cm*    0-4228grm.    0-004;igrra. 

15.  0-5006    "        2  "       25  "        10  "       0*4278    "        0-0066    " 

The  experiments  of  Series  C  were  conducted  in  the  same 
manner  as  those  of  Series  A  except  that  the  amount  of  absolute 
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was  then  added,  and  a  stream  of  hydrochloric  acid  gas  was 
passed  for  two  honrs  into  the  cooled  mixture.  The  precipitates 
were  then  treated  as  in  the  former  experiments.  The  results 
show  that  even  in  the  strongest  possible  solution,  at  the  ordi- 
nary temperature,  of  hydrochloric  acid  barium  chloride  is 
soluble  to  a  considerable  degree,  this  solubility  amounting 
according  to  the  first  three  experiments  of  the  series  to  about 
one  part  in  20,000.  In  Exp.  18  and  19  ten  cubic  centimeters 
of  absolute  ether  were  added  to  the  solution  before  passing  in 
the  hydrochloric  acid  gas.  The  results  showed  that  the  ether 
seemed  to  decrease  the  solubility  of  the  barium  salt,  and  there- 
fore the  experiments  of  the  following  series  were  undertaken. 


Serirs  E. 

ixp. 

BaCl, .  2H,0. 

HCl. 

Kther. 

BaCla. 

Loss. 

21. 

0*5008  grm. 

50  cm' 

'   10  cm' 

0-4207  grm. 

0-0002  grm 

22. 

0-5002  " 

50  " 

10  " 

0-42/)'/  « 

0-0007  " 

23. 

0-4999  *< 

50  " 

10  " 

0-4252  " 

0-0009  " 

24. 

0-4999  " 

50  " 

10  " 

0-4258  " 

0-0003  « 

26. 

0-5003  " 

25  « 

25  " 

0-4259  " 

0-0005  " 

26. 

0-5002  " 

25  '' 

5  " 

0-4262  " 

0-0002  " 

27. 

0-5099  " 

25  «' 

5  " 

0-4344  " 

0-0003  ** 

28. 

0-5003  " 

25  " 

5  " 

0-4261  »' 

0-0003  " 

The  experiments  of  Series  E  were  conducted  tis  follows. 
The  amount  of  barium  salt  specified  was  dissolved  in  the  least, 
convenient,  amount  of  hot  water  (about  2  cm')  and  precipita- 
tion was  brought  about  by  adding  the  indicated  amount  of 
<;oncentrated  hydrochloric  acid.  Tlie  beaker  containing  the 
precipitate  was  then  placed  in  cold  water  and  the  amount  of 
ether  shown  in  the  tables  was  added  and  mixed  with  the  solu- 
tion by  thorough  stirring.  After  standing  for  five  or  ten 
minutes  the  precipitate  was  filtered  off  and  washed  with  con- 
-centrated  hydrochloric  acid  containing  about  ten  pcrcentnni  by 
volume  of  absolute  ether  and  dried,  sometimes  in  an  air  bath 
at  165°-175°  Vj.  and  at  others  over  a  radiator  giving  a  tempera- 
ture of  175°-200®  C.  A  constant  weight  was  more  ({uickly 
obtained  by  the  latter  method  and  it  was  used  ex(!lusively  in 
the  experiments  of  the  subsequent  series.  In  using  it  a  low 
lieat  was  used  at  first  and  the  temperature  was  not  increased 
until  the  precipitate  was  moderately  dry.  The  results  show 
that  barium  chloride  is  practically  insoluble  in  a  mixture  of 
hydrochloric  acid  and  ether  containing  al)out  oTie-sixth  by 
volume  of  the  latter.  The  avera^j^e  solubilitv  calculated  from 
the  experiments  given  is  one  part  in  122,000.  The  actual 
solubility  is  less  than  this  since  no  account  was  taken  of  the 
volume  of  the  washings  which  were  at  least  equal  to  the  orig- 
inal filtrates. 


0-4250    ' 

0-001 1 

O-42B0     * 

0-oooe 

0-4258    ' 

0-0004 

0-4256     ' 

0  0008 

0-4251     ' 

0-OOliS 

0-4254     ' 

0-0008 

0-4258     ' 

0-0005 

0-426 1     ' 

0-0004 

0-0842    ' 

0-00 1 0 

0-0080    ' 

0-0005 

0-4326    ' 

0  0020 
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Eip.  BkC1,.2H,0.         CaCl,.      HCI.       Ether.          BaCI,.              Lom. 

20.  06001  grin.  0-6grm.  aocm*  10cm'  0'42SOgrm.  OOOlSgnn. 

50.  0-4999  "  0-5     "  50  ''         *    "       "  "' 

51.  0-6005  "  0-5     "  25   ' 

32.  0-5002  "  0-42  "  25  ' 

33.  0-5001  "  0-5    "  25  ' 
S4,  0-5006  "  0-5    "  26  ' 

35.  0-5001  "  0-5     "  25  ' 

36.  0-5001  "  05     "  25   ' 

37.  0-5003  «  0-5    "  25  ' 

38.  0-1002  '•  3-0    "  25  ' 

39.  0-0107  "  8-0    "  25  ' 

40.  0-5100  "  0-5     "  25   ' 

Series  F  was  nndertaben  to  test  whether  the  mode  of  pre- 
cipitating barium  used  in  the  preceding  series  would  be  of  use 
in  the  separation  of  the  bannm  from  calcinm.  The  experi- 
ments were  condncted  as  in  Series  E,  except  that  the  calcium 
salt  was  dissolved  with  the  barium  chloride.  It  was  necesearc 
to  use  more  water  than  in  Series  E  to  effect  solution,  but  as 
the  barium  salt  was  uniformly  the  last  to  dissolve  the  effect 
was  practically  the  same  as  before.  The  resnlte  show  that 
mixtures  of  barinm  and  calcium  in  all  proportions  are  per- 
fectly separated  by  this  method,  0  010  grm.  of  barinm  chloride 
being  separated  with  accuracy  from  3  grm.  of  calcium  chloride. 
The  calcium  does  not  show  the  slightest  tendency  to  coiue 
down  with  the  barinm,  and  those  experiments  in  which  sepa- 
ration was  effected  by  the  use  of  25  cm'  of  hydrochloric  acid 
and  5  em'  of  ether  gave  rather  better  results  than  tiiose  in 
which  doable  this  volume  was  employed.  It  is  better  not  to 
let  the  precipitations  stand  too  long  before  filtration,  even  if 
kept  cold,  as  the  hydrochloric  acid  evaporates  from  the  eolu- 
tions.  and    cxucrimcnts  in    which    filtration  was  dcla' 
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The  experiments  of  Series  G  were  made  in  exactly  the  same 
manner  as  those  of  Series  F,  except  that  varying  amounts  of 
magnesium  chloride  were  present  instead  of  the  calcium  salt. 
The  results  are  uniform  and  exact,  and  indicate  that  barium 
may  be  separated  from  magnesium  when  tlie  two  are  present 
in  any  proportion.  It  is  probable  that  if  magnesium  chloride 
were  present  in  an  amount  larger  than  3  grm.  in  30  cm'  it 
would  be  necessary  to  make  two  treatments,  as  under  those 
circumstances  it  shows  a  slight  tendency  to  precipitate.  The 
amount  of  mixed  salts  present  should  always,  therefore,  be 
kept  below  this  limit. 

Jiecapitnlatio7h — Barium  chloride  is  soluble  to  an  extent 
not  exceeding  one  part  in  20,000  in  pure  concentrated  hydro- 
chloric acid,  but  the  solubility  increases  very  rapidly  with  the 
diminution  in  the  strength  of  the  acid.  In  concentrated  hydro- 
chloric acid  containing  ether  it  is  soluble  to  an  amount  not 
exceeding  one  pai*t  in  about  120,000.  To  utilize  this  fact  for 
the  separation  of  barium  from  calcium  and  magnesium  the 
chlorides  of  the  earths  are  dissolved  in  the  least  possible  amount 
of  boiling  water  and  precipitated  ])y  25  cm'  of  concentrated 
hydrochloric  acid  with  the  audition  of  5  cm'  of  absolute  ether 
after  cooling.  The  acid  should  be  added  drop  by  drop  at  firet 
allowing  the  precipitate  formed  to  redissol ve  as  long  as  possible, 
as  the  precipitate  is  thus  obtained  in  a  coarse  crj'stalline  condi- 
tion and  filters  very  quickly  and  is  less  liable  to  include  foreign 
matter.  After  standing  a  few  minutes  the  precipitate  is  to 
l>e  filtered  in  a  Gooch  crucible,  washed  with  hydrochloric 
acid  containing  about  10  per  cent  of  ether  and  dried  at 
150^-200°  C.  The  method  is  accurate  and  rapid,  and  pos- 
•  sesses  the  further  advantage  when  a  number  of  determinations 
are  to  be  made  that  the  precipitate  may  be  dissolved  off  of  the 
felt  by  a  little  water  and,  after  ignition,  the  crucible  and  felt 
may  be  used  again  without  re-weighing.  A  felt  upon  whjcli  half 
a  dozen  precipitates  were  weighed  did  not  change  its  weight 
to  the  extent  of  one-tenth  of  a  milligram.  The  fumes  of  the 
strong  acid  cause  no  inconvenience  if  the  filtration  is  performed 
in  front  of  a  good  flue.  A  gas  flame  may  be  used  in  the  flue 
without  danger  from  the  ether  which  seems  to  be  firmly  held 
by  the  hydrochloric  acid.  A  flame  was  used  to  increase  the 
draught  in  all  of  the  experiments  given  and  with  entire  safety, 
even  when  the  filtrate  contained  50  per  cent  by  volume  of 
ether. 

The  authoi*  wishes  in  concluding  to  acknowledge  his  indebt- 
edness to  Prof.  Gooch  for  many  helpful  suggestions  freely 
given  in  the  course  of  the  investigation. 
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Art.  LXVI. — Note  on  the  Ahaorption  of  Radiant  Heat  hy 
Alum;  by  C.  C.  Hutchins,  Bowdoin  College. 

It  seems  to  be  the  generally  accepted  opinion  that  a  solotion 
of  alum  acts  as  a  particularly  efficient  absorber  of  rays  of  greal 
wave  length.  It  is  certain  that  the  alum  cell  is  univer&allv 
used  and  recommended  wherever  a  transpai'ent  medinm  is 
desired  for  cutting  off  the  so-called  "  dark  "  heat  rays. 

In  the  April  number  of  this  Journal  Mr.  F.  J.  Rogers  states 
that  the  results  of  JuHus  Thomsen  are  in  error  because  Thorn- 
sen  used  pure   water  instead  of  alum  solution  ae  an  absorber. 

"Whence  this  idea  in  regard  to  the  effect  of  alum  solution  arose 
it  is  difficult  to  say :  I  have  searched  in  vain  for  any  authoriiy 
for  it.  Melloni's  table,  as  far  aB  it  goes,  shows  that  bodies  in 
solution  raise  slightly  the  percentage  of  transmitted  rays  above 
that  which  passes  through  pure  water. 

I  prepared  a  satui-ated  solution  of  potash  alum  in  distilled 
water  and  placed  it  in  a  cell  06^'°  thick.  Tbe  sides  of  the  cell 
were  quartz  plates  0-15""  thick.  My  heatTmcasuring  apparatus 
was  used  to  determine  the  transmission  of  the  rays  from  a 
naked  gas  jet  through  this  cell.  The  mean  of  ten  galvanometer 
readings  was  201  divisiouB. 

The  eel!  was  then  filled  with  pure  water  and  the  mean  of 
ten  readings  found  to  be  196  divisions,  showing,  if  anything, 
that  water  is  a  slightly  better  absorber  than  alum  solution. 
When  two  hundred  ohms  resistance  were  added  in  the  galvan- 
<imeter  cireuit,  the  deflection  produced  by  the  unobstructed 
gas  jet  was  240  div.  Through  the  water  cell  it  was  21-5  div. 
and  the  per  cent  transmitted  was  8-9,  When  a  sheet  of  plate 
glass  Ou"^  thick  was  interposed  the  deflection  was  S6  div.  and 
■  cent  trunsmilted  was  :ib'B.     Melloni  sho\v.s 
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Art.  LX  VII. — Disruption  of  the  Silver  Haloid  Molecide  hy 
Mechanical  Force;   by  M.  Garev  Lea. 

[Read  before  the  National  Academy,  April,  1892,  by  Dr.  George  F.  Barker.] 

In  a  paper  published  about  a  year  ago  on  the  subject  of 
allotropic  silver  there  was  included  an  investigation  into  the 
action  of  the  different  forms  of  energy  upon  silver  chloride 
and  bromide.*  It  was  there  shown  that  these  substances  pos- 
sessed an  equilibrium  so  singularly  balanced  as  to  be  affected 
by  the  slightest  action  of  any  form  of  energy.  Such  action 
produced  a  change  which  though  it  might  be  wholly  invisible 
yet  caused  the  breaking  up  of  the  haloid  when  subsequently 
placed  in  contact  with  a  reducing  agent.  Tlie  forms  of  energy 
with  which  this  effect  was  observed  are  : 

1st  Heat. 

2d.  Light. 

3d.  Mechanical  force. 

4th.  Electricity  (high  tension  spark). 

5th.  Chemism. 

It  follows  therefore  that  it  is  not  light  only  that  is  capable 
of  producing  an  invisible  image  hut  that  this  power  belongs 
alike  to  all  forms  of  energy.  So  that  a  slight  impulse  from 
any  one  of  the  forces  just  mentioned  brings  about  a  change  in 
the  equilibrium  of  such  a  nature  that  the  molecule  is  more 
easily  broken  up  by  a  reducing  agent. 

As  respects  four  out  of  these  five  forms  of  energy,  it  was 
farther  shown  that  when  made  to  act  more  strongly,  they  were 
able  of  themselves  to  disrupt  the  molecule  without  external 
aid.  One  form  alone  of  energy,  mechanical  force,  made  an 
apparent  exception  to  this  general  rule.  The  other  four,  when 
applied  to  a  moderate  extent,  produced  a  latent  imago,  aj)plied 
more  strongly  they  broke  up  the  molecule. 

The  object  of  the  present  paper  is  to  prove  that  this  excep- 
tion does  not  exist,  and  that  as  all  forms  of  energy  liave  been 
shown  in  the  previous  papers  of  this  scri(?s  to  be  capable  of 
impressing  an  invisible  image,  so  also  with  stronger  manifesta- 
tions, any  form  of  energy  is  capable  (f  dhruj>ti)ui  (he  molc- 
cule. 

I  was  able  to  show  many  3  ears  ago  that  niechanieal  force 
could  produce  a  latent  image.  Lines  drawn  with  a  glass  rod 
on  a  sensitive  surface  could  be  rendered  visible  by  develop- 
ment in  the  same  way  as  impressions  of  light.  An  embossed 
card  pressed  on  a  sensitive  film  left  an  invisible  image  which 

♦This  Journal,  April,  1891. 
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coold  be  brought  oat  by  a  redaciug  agent.  The  raised  por- 
tione  of  the  emboesed  work  exerted  a  Mronger  presBore  on  Qk 
eenBitire  lilni  thao  the  rest  of  the  card  and  these  portim 
darkened  when  acted  npon  by  a  redncing  agent.  In  tne  eune 
way,  the  Hoes  traced  with  a  glass  rod  blackened  under  a  devel- 
oper. In  each  case,  it  was  the  portions  which  had  been  sub- 
jected to  presenre  which  yielded  lirst  to  the  reducer.  It  ni 
therefore  clear  that  in  the  molecules  which  had  received  this 
slight  pressure  the  affinities  of  the  atome  had  been  loosened. 

To  bring  these  phenomena  fnlly  into  line  with  the  others  it 
is  now  necessary  to  prove  that  an  increased  pressnre  can  take 
the  place  of  a  redncing  agent  and  disrupt  the  moleeale.  And 
this  is  actnally  the  case. 

It  was  found  that  the  breaking  up  could  be  produced  in  tvo 
ways,  by  simple  pressure,  ana  by  shearing  stress.  Silver 
chloride  and  bromide  formed  and  washed  in  absence  of  active 
light  were  subjected  to  these  agencies. 

1.  aimj^e  Pr€s»urt. — In  tlie  lirst  trial  made  with  silver 
chloride,  it  was  enclosed  in  asbestos  paper  which  bad  been  fiist 
ignited  with  a  blast  tamp  to  remove  all  tmces  of  oi^anic  mat- 
ter present.  This  method  was  tried  in  order  that  the  chloride 
shoald  be  in  contact  with  perfectly  inactive  material  only,  bnl 
it  was  not  found  to  answer.  Tlie  great  pressure  employed 
forced  the  dry  chloride  into  the  pores  of  the  paper  cementing 
it  together,  so  that  the  opposite  sides  could  not  be  separated. 
Platinum  foil  was  then  snbstitnted  with  satisfactory  results 
With  a  pressure  of  about  one  hundred  thonsand  pounds  to  tbe 
square  inch,  maintained  for  twenty-four  hours,  tbe  chloride 
was  completely  blackened  except  at  the  edges,  where  owing  to 
greater  thinness  the  pressure  was  less.  Very  bright  foil  was 
used  in  order  to  detect  the  slightest  discoloration  that  mipht 
occur,  but  tiouo  resulted  ;  it  was  impossible  to  distinguish 


Haloid  Molecule  by  Mechanical  Force.  529 

foond  best  to  use  the  material  air-dried.  If  at  all  moist  the 
platinum  foil  barsts  nnder  the  pressure  and  the  experiment  is 
mvalidated.  The  air-dried  salt  retains  a  sufficient  quantity  of 
moisture. 

3.  Shearing  Stress, — As  a  means  of  applying  this  form  of 
force,  the  silver  chloride  precipitated  with  excess  of  hydro- 
chloric acid  and  well  washed,  was  put  into  a  porcelain  mortar 
and  well  triturated.  The  improbability  that  the  small  quantity 
of  force  that  can  be  applied  in  this  way  would  break  up  a 
stable  molecule  like  that  of  silver  chloride  seemed  so  great, 
that  at  first,  a  substance  tending  to  aid  the  reaction  was  added. 
Tannin  was  selected  and  when  forcibly  ground  up  with  silver 
chloride  the  latter  was  soon  darkened.  Next  a  substance  capa- 
ble of  taking  up  acid  but  having  no  reducing  action  was  tried. 
Sodium  carbonate  was  used.  This  also  caused  the  chloride  to 
darken.  Finally  it  was  determined  to  ascertain  if  the  molecule 
of  silver  chloride  could  not  be  disrupted  by  stress  alone.  The 
chloride  was  placed  in  a  chemically  clean  porcelain  mortar  and 
well  triturated.  For  some  time  no  effect  was  visible.  After 
aboat  ten  minutes'  action  dark  streaks  began  to  appear  and 
after  five  minutes'  more  work  a  considerable  portion  of  the 
chloride  was  darkened.  The  end  of  the  pestle  was  covered 
with  a  shining  purple  varnish.  It  had  not  become  perceptibly 
warmer  to  the  touch.  On  the  violet  puq^le  substance  nitric 
acid  had  no  action,  but  aqua  regia  slowly  whitened  it.  It  was 
therefore  what  I  have  proposed  to  call  silver  photochloride, 
that  is,  a  molecular  combination  of  chloride  and  heniichloride. 
This  experiment  was  carefully  repeated  with  the  same  result. 
Silver  bromide  similarly  treated  gave  a  similar  result.  It  was 
noticed  that  both  chloride  and  bromide  in  darkening  took  on 
the  familiar  color  between  chocolate  and  purple,  so  generally 
seen  in  the  darkening  of  these  silver  salts  and  differing  strik- 
ingly from  the  greenish  black  color  assumed  by  all  three  silver 
haloids  under  simple  pressure. 

The  fact  that  the  platinum  foil  remained  absolutely  unat- 
tacked  when  the  silver  haloid  was  reduced  by  simple  pressure 
in  actual  contact  with  it,  is  interesting  and  would  seem  to  show 
that  in  the  reduction  of  the  silver  haloid  the  halogen  is  not  at 
any  time  set  free  but  that  water,  if  present,  is  decomposed  at 
the  same  moment  with  formation  of  halogen  acid. 

The  observations  recorded  in  this  paper  prove  the  existence 
of  a  perfect  uniformity  in  the  action  of  all  kinds  of  energy  on 
the  silver  haloids.  The  balance  of  the  molecule  is  at  once 
affected  by  the  influence  of  any  form  of  energy.  A  slight  a])pli- 
cation  produces  an  effect  which,  though  invisible  to  tlie  eye,  is 
iDstantly  made  evident  by  the  application  of  a  reducing  agent. 
The  bonds  which  unite  the  atoms  have  evidently  been  in  some 
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way  looeened  so  that  these  molecnlee  break  up  more  easily  thin 
thoBe  to  which  energy  has  not  been  applied.  Consequently,  if 
the  substance  is  Birbmitted  to  the  action  of  li^ht,  heat,  or  elec- 
tricity, or  if  lines  are  drawn  by  a  glass  rod  (sheariDe  stress)  or 
with  Bulpbiiric  acid  (cheinism),  a  reducing  agent  blackens  the 
parts  so  treated  before  it  affects  the  parts  not  so  treated.  Thi^ 
jastifies  tlie  statement  made  earlier  in  this  pai)er  that  the  phe- 
nomena of  the  latent  image  and  of  its  development  are  not 
exclnsively,  or  even  especially  connected  with  light,  as  hitherto 
supposed,  but  belong  to  all  other  forms  of  energy  as  well. 

It  is  therefore  true  that  every  form  of  energy  is  not  only 
capable  of  producing  an  invisible  image,  that  is,  of  loosenine 
the  bonds  which  unite  the  atoms,  but  is  also  capable,  if  applied 
more  strongly,  of  totally  disrupting  the  molecule.  This  law. 
in  a  general  form  was  proved  in  previous  papers,  with  bat  a 
single  exception,  and  that  one  exception  is  removed  by  tbe 
observations  recorded  in  this  paper. 

As  far  as  observation  has  gone  silver  compounds  are  the  onlv 
ones  that  exhibit  this  universal  sensitiveness.  Of  other  snl»- 
stances,  some  are  decomposed  by  beat,  some  by  electricity  or 
by  chemical  action  and  a  few  by  light. 

It  has  now  been  shown,  as  I  believe  for  the  first  time,  that 
meelianical  force  is  competent  without  the  aid  of  beat  to  lireak 
up  a  molecule  that  owes  its  existence  to  an  exothermic  re- 
action. 

It  is  important  to  distinguish  between  tbe  two  treatment,- 
liere  described.  In  tbe  case  of  shearing  stress,  force  is  ex- 
l>ended  in  oveieoming  friction  and  in  so  doing  produces  lieat. 
it  may  be  (juestioned,  however,  whether  the  very  small  anionnt 
of  heat  thus  generated  has  anything  to  do  with  the  reaction. 
The  beat  is  not  perceptible,  it  is  momentary,  and  it  has  been 
elsfwheitr   shonn    tliat  thoiigli   un.'isf   silver  chloride   can  If 
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It  need  scarcely  be  said  that  this  phenomenon  has  nothing 
in  common  with  decompositions  produced  by  mechanical  force 
in  substances  such  as  silver  or  mercury  f  uhninate,  nitrogen  chlo- 
ride and  similar  explosives.  Such  substances  are  all  formed  by 
endothermic  reactions  and  their  decompositions  are  exother- 
mic. Heat  does  not  need  to  be  suppliecl,  but  only  what  Ber- 
thelot  has  named  a  '^travail  preliminaire,"  an  impulse  to  start 
the  reaction.  But  silver  haloids  are  formed  by  exothermic 
reactions,  consequently  their  decompositions  are  endothermic 
and  require  that  the  energy  which  was  disengaged  in  their 
formation  should  be  returned  to  effect  their  decomposition. 
The  experiments  described  in  this  paper  show  that  mechanical 
force  may  be  made  to  supply  this  energy  and  so  play  the  part 
of  light,  electricity  or  heat  without  previous  conversion  into 
any  other  form  of  energy. 

The  thermochemical  reactions  of  the  silver  haloids  have  been 
Btndied  by  Berthelot  and  their  reductions  were  found  to  be 
endothermic*  There  can  be  no  doubt  therefore  that  an 
endothermic  reaction  can  be  brought  about  by  simple  pressure. 

Philadelphia,  April,  1892. 
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I.    Chemistry  and  Physics. 

1.  On  the  Polarization  of  Platinum  by  Oxygen  and  Hydrogen, 
—A  series  of  measurements  has  been  luade  by  Markofsky  to  ascer- 
tain the  diflference  of  potential  developed  between  a  plate  of  plati- 
iinm  entirely  immersed  in  dilute  sulphuric  acid,  freed  from  air  by 
boiling,  and  a  second  plate  partly  immersed  in  this  liquid  and 
partly  exposed  to  an  atmosphere  of  pure  hydrogen  or  j)ure  oxy- 
een  gas.  The  experiments  were  varied  by  using  an  acid  contain- 
ing platinum  sulphate,  the  strength  of  the  solution  being  different 
in  different  experiments.  Carbon  electrodes  were  also  employed 
in  place  of  platinum.  He  finds  tiiat  the  potential-ditlerence 
between  a  platinum  plate  in  hydrogen  and  one  in  dilute  aci<l  free 
from  gas,  is  0*646  volt.  If  oxygen  be  substituted  for  the  hydro- 
gen, the  polarization  is  reversed  in  direction  and  is  equal  to 
0*372  volt.  Moreover,  this  potential-ditTerence  remains  the  same 
whether  the  gases  employed  are  produced  clectrolytically  or  by 
chemical  processes.  The  author  obsiM-ved  that  the  addition  of 
platinum  sulphate  to  the  acid  increases  the  potential-difference  in 

^Mechanique  cliiuiique,  vol.  ii,  p.  411.  The  reduction  of  nilver  chloride  to 
metal  involvea  an  abborption  of  Oal.  29*4.  Tiiat  to  heniichloride  ha8  not  been 
measured,  bat  is,  according  to  Berthelot,  also  endothermic.  See  also,  Ditte,  Les 
M^taux,  r,  pp.  232,  233. 
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the  case  of  a  hydrogen  cell  while  this  addition  decreases  it  in  th« 
case  of  a  cell  contsininji;  oxygen.  His  resalts  show  the  potential 
difference  lo  be  independent  of  the  density  of  the  gas  and  of  iu 
temperature  up  to  70°.  With  carbon  eleolrodcc,  however,  the 
phenomena  obtained  wtrc  quite  different. — Am.  Phys.  Chem.  II, 
xliv,  457;  J.  Chem.  Soc,  Ixii,  393,  April,  1892.  G.  r.  B. 

2.  On  the  Basieiti/  of  Phosphoric  Acid. — D,  Bebthklot  hai 
studied  the  relative  condoctiviiies  of  the  monobasic  and  dibasic 
phosphates  and  has  shown  that  while  the  conductivity  is  the  eame 
for  the  monobasic  ammonium  and  potassium  phos))hateg,  the  eoo- 
ductivity  of  the  dibasic  ammonium  salt  is  about  six  per  cent  \eti 
than  that  of  the  potassinm  salt.  Moreover,  in  the  case  of  the 
tribasic  phosphates  the  conductivities  are  widely  difTereni,  that  of 
the  potassium  salt  bi-ing  much  the  greater.  It  is  well  known  tl»l 
when  polassiuDi,  sodium  or  ammonium  hj-droxide  is  continuoiislT 
added  to  a  dilute  Bolulion  of  phosphoric  acid,  the  decrease  iu  the 
electriciil  eonducliviLy  of  the  solution  is  represented  by  a  straighl 
line  up  to  the  point  at  which  one  of  the  basicities  of  the  acin  is 
neutralized.  So  that,  as  it  would  appear,  those  three  nionoba^c 
phosphates  arc  not  dissociated  even  in  dilute  solutions.  At  tlii? 
point  the  conduciivliy-uuive  shows  a  well-marked  angular  deflec- 
tion, and  on  continuing  to  add  the  base,  the  resulting  increase  in 
conductivity  is  again  represented  by  a  straight  line  up  to  the 
point  corresponding  to  the  formation  of  a  dibasic  phosphate. 
Con^equeiUly,  these  dibasic  phosphates  must  abo  be  stable  even 
in  dilute  Bolutions.  If  more  base  be  added,  atiother  change 
occurs  in  the  direction  of  the  curve,  but  now  the  chanpo  in  eon- 
<liicUviiy  is  no  longer  represented  by  a  straight  line.  Moreover 
there  is  no  further  change  in  direction  at  the  point  corresponding  to 
the  formation  of  tribasic  phoRphato.  Hence  the  tribasic  alkali  phos- 
phates arf  almost  completely  dissociated  in  dilute  solutions.  If 
the  solution  be  made  stronger,  a  distinct  although  small  angular 
deflection  may  be  observed  at  the  point  correspoudiog  to  the  form- 

■    [i  of  tiibasiL-  i)lii)spli!iti-.     U  wtMiUl  seem,  therefore,  that  phos- 
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3.  On  the  Occlusion  of  Hydrogen  by  Lead  and  other  Metals, — In 
order  to  explain  certain  physical  phenomena  of  secondary  battery 
action,  Newmaxn  and  IStreintz  have  examined  tlie  absorption 
of  hydrogen  by  metals  and  especially  lead.  Two  methods  of 
charging  the  metal  with  the  gas  were  employed  :  (1)  charging 
electrolytically  and  (2)  charging  by  passing  the  gas  over  or 
through  the  fused  metal.  Previous  experimenters  had  used  the 
former  method ;  but  since  the  plates  were  subsequently  exposed 
to  the  air,  the  hydrogen*  was  oxidized.  The  author  therefore 
waahed  bis  plates  in  the  absence  of  air  with  air-free  water  and 
dried  them  m  pure  carbon  dioxide.  But  on  igniting  them  only 
a  trace  of  hydrogen  was  obtained.  In  using  the  second  method, 
the  metal  was  heated  in  pure  hydrogen,  the  excess  of  hydrogen 
was  expelled  by  means  of  nitrogen,  and  the  metal  was  again 
heated  m  oxygen ;  whereby  the  occluded  hydrogen  was  burned 
to  water. wliich  was  weighed.  The  following  are  the  values  ob- 
tained, the  numbers  representing  the  volumes  of  hydrogen 
absorbed  by  one  volume  of  metal:  Lead  0*15,  0-11  ;  palladium 
502-35  (at  450°);  platinum  sponge  29*95,  15-37,  1213,  0'48;  plati- 
num black  49-30;  gold  46'32,  37*31;  silver  O'OO;  copper  4-81, 
4-78  ;  aluminum  2*72 ;  iron  29-17,  9*38  ;  nickel  16*85,  17-57 ; 
cobalt  153-00,  59*31.  In  the  case  of  platinum  sponge,  of  iron,  of 
nickel  and  of  cobalt,  the  successive  values  decrease  with  the 
same  specimen  of  metal;  the  ppwer  of  occluding  the  hydrogen 
diminishing  with  repeated  use  of  the  same  sample. — Monatsh. 
J-*.    Chem,^  xii,  642;   Ber,   Berl.    Chem,    Ges.,  xxv,    (Kef.)    187, 

March,  1892.  a.  f.  b. 

4.  7he  Principles  of  Chemistry ;  by  D.  Mendel^eff.  Trans- 
lated from  the  Russian  (Fifth  Edition),  by  George  Kumensky. 
Edited  by  A.  J.  CTreenaway.  2  vols.  8vo,  pp.  xvi,  611,  vi,  487. 
London  and  New  York,  1891.  (Longmans,  Green  &>  Co.). — The 
first  edition  of  this  book,  issued  in  1870,  marked  an  epoch  in  tht? 
history  of  chemistry,  since  in  it  was  enunciated  for  the  first  time 
the  periodic  law  of  the  elements,  so  inse])aral)ly  connt'cled  with 
the  name  of  its  author.  In  reproducing  the  fifth  edition  in  Eng- 
lish, a  great  service  has  been  done  for  chemical  science  among 
English-speaking  people  w^hich  cannot  fail  to  produce  a  marked 
efiect.  The  book  itself  is  remarkable  in  many  ways.  In  the  first 
place,  its  treatment  of  the  subject  matter  is  j)rolound  and  far- 
reaching.  The  author  says:  "The  desire  to  direct  those  thirst- 
ing for  truth  to  the  pure  source  of  the  science  of  the  forces 
acting  throughout  nature  forms  the  first  and  most  inij)ortant 
aim  of  this  book.  The  time  has  arrived  when  a  knowledge 
of  physics  and  chemistry  forms  as  important  a  )»art  of  education 
as  that  of  the  classics  did  two  centuries  ago.  In  those  days  the 
nations  which  excelled  in  classical  learning  stood  foremost  just  as 
now  the  most  advanced  are  those  which  are  superior  in  the 
knowledge  of  the  natural  sciences."  The  object  of  the  book  is 
"to  acquaint  the  student  not  only  with  the  methods  of  observa- 
tion, the  experimental  facts  and  the  laws  of  chemistry,  but  also 
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with  the  aspect  of  this  science  towards  the  invariable  sabetuK 
of  varying  matter."  In  it,  "experimental  and  practical  dtU 
occupr  their  place,  but  tfae  philosophical  principlea  of  oar  science 
form  the  chief  theme  of  the  worlc."  "  In  comparing  the  science 
of  the  past,  the  present  and  the  future,  in  placing  the  particulin 
of  its  restricted  experiments  aide  by  side  with  its  aspirations  for 
unbounded  and  infinite  truth,  and  in  restraining  myself  from 
yielding  to  a  bias  towards  following  the  most  attractive  repre- 
sentation, I  have  endeavored  to  incite  in  the  reader  a  spirit  of 
inquiry,  which,  unsatisfied  with  speculative  reasonings  atone, 
should  subject  cxery  idea  to  esperiment,  excite  the  habit  of 
stubborn  work,  necessitate  a  knowledge  of  the  past,  and  a  search 
for  fresh  threads  to  complete  the  bridge  over  the  bottomless  an- 
known."  Such  a  standpoint  as  this  is  unique  in  chemical  trea- 
tises. And  an  examination  of  the  book  shows  these  claims  to 
have  been  fully  met.  Not  only  is  the  entire  work  based  npou 
the  law  of  periodicity,  but  a  vein  of  what  the  author  calls 
"scientific  contemplation"  runs  through  it,  which  "bean  the 
stamp  of  creative  power  and  comprehends  the  highest  branch  of 
scientific  progress."  In  the  second  place,  the  book  exhibits  an 
exceptional  fidelity  to  details,  not  only  along  the  main  line  of  the 
subject,  but  along  collateral  lines.  Perhaps  the  most  noticeable 
typographical  feature  in  it,  is  its  wealth  of  foot-notes,  whicli 
occupy  probably  one-half  of  the  entire  text.  These  the  antbor 
suggests,  should  be  read  only  after  the  large  text  has  been  mas- 
tered. Bot  so  seductive  are  thoy  and  so  valuable  in  their  bearing 
upon  the  subject  in  hand,  that  no  reader  will  be  likely  to  post- 
pone them  to  a  second  reading.  Thus  for  example,  the  first  foot- 
note considers  in  what  the  investigation  of  a  substance  or  phe- 
nomenon of  nature  consists.  And  after  enumerating  seven  poinin 
which  go  to  tnako  it  up,  tbe  author  says :  "  It  is  certain  that  it  is 
only  possible  to  thus  study  when  we  have  taken  as  a  basis  some 
incontestible  fact  which  is  self-evident  to  our  understanding;  a^ 
for  instance,  nnniber,  time,  space,  movement,  or  mass.     The  det«r- 
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own  language  the  most  philosophical  work  on  chemistry  which 
the  nineteenth  century  has  yet  produced.  g.  f.  b. 

5.  Manual  of  Chemical  Technology,  by  Rudolf  von  Wagner^ 
translated  and  edited  by  William  Crookks.  F.R.S.,  from  the 
thirteenth  enlarged  German  edition  as  remodelled  by  Dr.  Ferdi- 
nand Fischer.  968  pp.  large  8vo,  with  596  illustrations.  New 
York,  1892,  (D.  Appleton  and  Co.). — Wagner's  Chemical  Tech- 
nology has  so  long  been  a  standard  work  of  reference,  both  in  the 
original  form  and  in  the  English  translation,  that  it  hardly  seems 
to  call  for  new  commendation.  The  present  edition,  however,  is 
aabstantially  a  new  work  and  has  many  e.vcellent  features  of  mat- 
ter and  arrangement  due  to  the  present  editors.  The  last  edition 
prepared  by  Wagner  himself  was  the  eleventii,  published  shortly 
before  his  death  in  1880.  In  the  latest  (1 3th)  German  issue,  a  new 
and  more  logical  arrangement  of  the  subject-matter  has  been 
adopted,  many  new  subjects  have  been  introduced  and  others 
have  been  thoroughly  revised.  Thus  it  is  stated  that,  as  compared 
with  the  eleventh  edition,  more  than  half  the  text  and  illustrations 
are  new.  The  former  P^nglish  edition  a)>])eared  twenty  years 
ago;  the  present  one  is  based  upon  the  13th  German  edition,  and 
the  English  editor  has  made  various  minor  modifications,  and 
added  many  explanatory  notes,  bibliographical  references,  etc., 
to  adapt  it  to  home  conditions. 

The  book  is  rich  in  valuable  information  in  every  branch  of 
chemical  technology  and  is  indispensable  to  all  interested  in  this 
field. 

6.  Laboratory  of  Chemistry,  bv  J.  E.  Armstrong  and  J.  H. 
Norton.  144  pp.  8vo.  New  Yorfc  (American  Book  Company). — 
This  is  a  useful  little  book  detailing  104  ex])eriments  to  be  per- 
formed by  the  student  in  the  laboratory.  The  experiments  are 
well  selected  and  described  with  sufficient  fulness  ;  with  the  aid 
of  a  competent  teacher  they  should  give  good  results. 

7.  Untersuchinigen  ilber  die  Anshreitung  dtr  elekt rischen 
Kraft  von  Dr.  IIeisricii  Hertz.  :i94  ])p.  8vo,  Leipzig,  1892. 
{Johann  Ambrosius  Barth.) — It  would  be  difficult  to  find,  in  the 
recent  literature  of  the  subject  of  Physics,  contributions  more 
distinctly  "  epoch-making  "  than  those  of  Hertz,  carried  on  through 
the  last  five  years,  on  the  production  and  propagation  of  electri- 
cal waves.  These  papers  discuss,  in  a  word,  the  production  of 
electrical  waves  by  the  oscillatory  electric  discharge,  as  of  an 
induction  coil;  their  propagation  through  the  ether;  reflection 
from  metallic  surfaces;  refraction  througli  non-conductors;  inter- 
ference, polarization,  and  in  fact  all  the  phenomena  characteristic 
of  light  waves,  to  which  indeed  they  correspond  although  relatively 
of  enormous  length.  By  them  MaxwelTs  theory  in  regard  to  the 
mutual  connection  between  electrical  and  light  phenomena  has 
received  the  most  signal  confirmation,  and  new  directions  for  ex- 
periment and  theory  have  been  opened  out  in  which  other  workers 
also  have  gained,  and  are  gaining,  important  results.  The  original 
papers   have  been  for   the  most  part  published  in  Wiedemann's 
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Annsten  and  are  hence  not  inacoessible,  at  the  Bame  timetk 
subject  is  one  of  such  uniqne  iatereet  that  their  repablioaUonn 
asingte  volume  is  a  service  on  the  part  of  the  pablishenror 
vhiiih  all  physicists  will  he  grateful.  Moreover,  this  has  givBi 
the  author  an  opportanity  to  present  a  general  snmioarjr  ofibt  I 
subject  from  the  present  atanapoint  vith  the  correction  of  mbk 
errors,  and  this  gives  unity  and  completeness  to  the  vholc 
subject. 

8.  Vorlemngen  fiber  MaxwelPt  TkeorU  der  JSUktrieUM  nxi 
det  Lichteg  von  Dr.  Ludwig  Bolt^masit,  I  Thcil,  Ahleitung  det 
Grandgleicliungen  fQr  ruhende,  homogene,  isotrope  Korper.  Ill 
pp.  8vo.  LcipEtg,  1891. — This  volume  is  a  highly  valnable  contri- 
bution to  the  subject  of  Maxwell's  theory.  Starting  from  Hetin- 
holtz's  theory  of  cyclical  movements,  the  author  has  developed  the 
theory  of  electrical  oscillations  in  circuits  with  condensers ;  then 
the  general  equations  of  electrical  movement  in  stationary  homo- 
geneous and  isotropic  conductors  and  semiconductors,  with  sppltei' 
tiona  to  the  fundamental  problems  of  electrodynamics,  induction, 
electrostatics  and  the  theory  of  light  The  author  intends  to  fol- 
low this  contribution  by  other  parts  in  which  he  will  give  tb* 
application  to  auistropic  bodies  and  those  in  motion,  the  theorv 
of  dispei-sion,  double  refraction,  the  rotation  of  the  plane  of  polsn- 
zation  and  finally  the  oscillations  discovered  by  Hertz. 

II.     Geology  and  Natcbal  HisroRr. 

1.  A  Summary  DeK-rii-tion  of  the  Geology  oj'  Penuti/lvania, 
in  three  volumes,  with  a  new  Geological  Map  of  the  State,  s 
map  and  list  of  Bituminous  Mines  and  other  illustrations ;  by  J. 
P.  Lksi-kv,  State  Geologist.  Vol.  I,  719  pp.  8vo,  Harrisburg, 
Pa. — The  long  series  of  Annual  Reports  of  the  Second  Geolog- 
ical Survey  of  Pennsylvania,  under  Prof.  Lesley  as  Director, 
yield  in  value  to  none  from  the  other  State  surveys.  They  do 
not  comprise  a  full  iicfouiil  of  the  iinimal  paleontology  ('    ' 
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daced  to  afford  informalion  on  the  life  of  the  several  periods. 
Farther,  Prof.  Lesley  has  given  the  volnme  a  practical  value  by 
devoting  many  oi  its  pages  to  the  mines  and  ores  of  iron  con- 
nected with  the  Lower  Silurian  and  older  rocks,  to  the  limestone 
and  slate  quarries,  and  to  unsuccessful  searchings  in  these  inferior 
formations  for  mineral  oil  and  gas. 

2.  FomU  Botany ;  being  an  Introduction  to  Palmophytology 
from  the  Standpoint  of  the  Botanist,  By  H.  Graf  zu  Solms- 
Laubach.  Authorized  English  translation,  by  Henry  E.  F. 
GABNaET ;  revised  by  Isaac  Bayley  Balfour.  Oxford,  1891. 
401  pp.,  49  illustrations. — Owing  to  the  fact  that  by  far  the 
greater  part  of  the  material  considered  by  Count  Solms  in  the 
present  work  is  Paleozoic,  the  remainder  being  taken  almost  ex- 
clusively from  the  Older  Mesozoic,  the  student  of  recent  plants  is 
neither  conducted  back  along  the  chain  of  vegetable  life  in  geo- 
logical time  from  present  types  to  their  remote  ancestors,  nor 
may  he,  after  discussing  the  generally  somewhat  problematic  Paleo- 
zoic plants,  proceed  to  view,  by  the  light  of  ample  illustrations, 
the  development  or  gradual  succession  of  plant  life  up  to  the 
recent  forms.  The  entire  Angiospcrmic  era  in  the  history  is 
wanting,  and  relatively  little  is  given  to  show  the  connection  of 
the  fossils  discussed  with  the  living  forms.  The  paucity  of  figures, 
without  systematic  descriptions,  as  well  as  its  biological  charac- 
ter, render  the  work  of  but  minor  value  to  the  geologist.  Its 
great  use  will  be  to  the  paleontologist;  not  as  a  handbook  or 
manual — it  is  too  abridged  and  we  have  other  good  handbooks 
nearlv  contemporaneous  with  the  German  edition — but  as  em- 
bodying the  views  of  a  justly  difcilinguished  structural  botanist, 
reasoning  from  the  botanical  standpoint,  in  a  field  of  troubles 
wherein  the  every-day  workers  arc  too  often  unfamiliar  with  the 
morphology  and  histolonfv  of  recent  plants.  To  the  paleobotanist 
the  work  is  indispensable  if  for  nothing  more  than  the  author^s 
opinions  and  conclusions  which  are  expressed  with  fairness  and 
conservatism.  Its  value  is  further  increased  by  his  criticism  and 
verification  of  many  originals  of  other  workers  as  well  as  by 
many  previously  unpublished  observations  made  from  new  mate- 
rial. 

It  is  unfortunate  that,  however  much  a  review  from  time  to 
time  of  the  existing  knowledge  of  fossil  floras  may  be  needed, 
the  same  rapidity  of  progress  in  paleobotany  which  makes  a 
resume  so  necessary  at  a  given  time  soon  leaves  that  resume, 
with  the  writer's  opinions,  among  the  historical  literature  of  the 
science.  There  are  but  few  fields  in  which  discoveries  more 
strongly  affecting  the  ideas  of  ancient  organic  life  have  been 
made  within  a  few  years,  and  perhaps  no  science  in  which  classi- 
ficatory  delimitations  have  shitted  about  more,  than  in  Paleozoic 
phytology.  It  is,  therefore,  not  a  little  disapj»ointing  to  find  in 
this  authorized  translation,  dated  four  years  after  tlie  German 
edition,  no  mention  made  of  the  wealth  of  valuable  researches, 
some  of  them  fundamentally  modifying  our  ideas  of  the  develop- 
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meat  of  certain  typea,  recorded  during;  the  intervening  four  yean. 
Surely  a  few  of  the  most  important  of  these  vo^b,  such  aa 
Williamson's  recent  memoirs  on  the  Organization  of  the  Carbon' 
iferous  plants,  in  which,  among  other  things,  the  secondary 
growth  in  some  Paleozoic  fern  stems  is  demonstrated,  Zeiller's 
claBsical  monographs  on  the  Valenciennes  and  Autnn  flora*, 
Renault  and  Zeiller's  Commenlry  flora,  Dawson's  Qeologicil 
History  of  Plants,  with  new  additions  to  our  knowledge  of  tlie 
pre- Carboniferous  floras.  Slur's  detailed  examination  of  the 
Schatzlar  Calamarite,  Kidston's  Btndies  amoug  the  British  collec- 
tiODS,  Weiss's  SigillariK,  and  possihly  Grand  'Eary's  flora  of  the 
Gsrd  basin,  with  its  correlative  and  synthetic  discoveries,  should 
have  been  given  at  least  foot-note  mention  or  comment. 

It  would  have  given  much  satisfaction  to  American  readers,  if 
Count  Solms  had  included  in  his  consideration  the  very  interetit- 
ing,  and  in  some  respects  unique  types  described  from  the  Lower 
Carboniferous  of  Ohio  by  dewberry  in  1873  and  Andrews  in 
1875,  both  of  whose  reports,  published  in  the  Ohio  Paleontologv, 
are  not  even  mentioned.  But  though  unrevised,  and  virtuallv 
un illustrated,  Solms-Laubach's  will  for  a  long  time  be  an  invalu- 
able reference  work  for  vegetable  paleontologists;  and  while 
many  will  wish  that  the  systematic  names  were  distinguished  in 
some  way  in  the  print  of  the  Oxford  edition,  roost  of  ut  are 
obliged  for  the  translation.  d.  w. 

3.  Uebir  einiffe  carbons  Pflamxnreste  atis  der  ArgetUinUclitn 
Eepublik ;  von  Dr.  Ladi^laus  Szajnocha,  Sitzb.  k.  Akni. 
Wiss..  Wien,  Math.-Nat.  CI.,  vol.  c,  Abth.  1,  1891,  pp.  109-209 
[1-1 1],  PI.  I,  II. — The  results,  which  Dr.  Siajnocha  presents  in  this 
preliminary  publication,  of  the  examination  of  a  few  specimens 
of  fossil  plants  from  the  Argentine  Kepublio  are  of  great  interest 
from  the  fact  that  they  offer  the  first  satisfactory  proof  of  the 
existence  of  the  Carboniferous  system  in  that  great  territory. 
Six  species  were  found  whose  identities  aod  affinities  show  that 
the  horizon  is  in  the  Carboniferous  system,  and  most  probably  in 
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daxtdes  {M.  taro8U8=^Paradozides  tarosus  of  Menegbini),  3fene- 
ghineUa,SLnd  Giordanetta  {Illatnus  Henghiniof  Bornemeinn,  1883). 
The  beds  afford  also  two  new  species  of  Archcaocyathus  and  a 
related  species  called  Dictyocyathua  tejierrimna ;  also  among 
Sasteropods,  a  Capuliia  (?)  a  Carinaropsis  (?)  und  a  I3dleropho?i  (?), 
also  a  Vonfervites. 

5.  FosMa  in  the  St.  Peter^s  Saiidstone. — The  sandstone  in  .the 
railroad  cats  about  five  miles  south  of  St.  Paul,  Minnesota, .  has 
afforded  Mr.  F.  W.  Sandeson  fossils  of  the  species  Murchisonia 
gracilis^  and  probably  M,  tricannata,  a  probable  Maclurea, 
Cypricardites  rectirontria  Hall,  and  two  other  species  of  the  genus, 
and  a  doubtful  Modiolopsis.  They  resemble  species  found  in  the 
lower  part  of  the  Trenton  shales  and  in  the  Trenton  limestone 
overlymg  the  St.  Peter's  sandstone. — Bull,  Minn,  Acad,  Nat,  Sci.^ 
ui,  318. 

6.  Correlation  Papers :  The  Eocene  of  the  United  States^  by 
Wm.  B.  Clark,  Bull.  83,  U.  S.  Geol.  Survey.      This  makes  the 

fourth  of  the  valuable  series  of  Correlation  papers  published  by 
the  U.  S.  Geological  Survey. 

7.  Glacier  Rock-crushing. — Mr.  W.  G.  Tight  has  described, 
and  illustrated  by  fine  phototypes  various  examples  of  the  crush- 
ing of  the  surface  rocks  near  Newark,  in  Licking  Co.,  Ohio,  in 
the  Bulletin  of  the  Scientific  Laboratories  of  Denison  University, 
voL  vi,  p.  12. 

8.  The  System  of  Mineralogy  of  James  D,  Dana^  1837-1868  : 
Descriptive  Mineralogy.  Sixth  edition  by  Edward  S.  Dana. — 
Entirely  rewritten  and  much  enlarged,  illustrated  with  over  1400 
figures,  pp.  i-lxii,  1134,  large  8vo.  New  York,  1892,  (John  Wiley 
and  Sons.) — Twenty-four  years  have  passed  since  the  fifth  edition 
of  this  work  was  published,  and  the  rapid  progress  of  the  science 
during  that  time,  as  also  the  development  of  the  plan  of  the  work, 
have  made  the  rewriting  of  nearly  the  whole  necessary,  with  an 
addition  of  about  one-lialf  to  the  size.  In  general,  the  excellent 
and  well  tried  plan  of  the  former  edition  has  been  rotainod,  es- 
pecially as  regards  the  historical  lists  of  synonyms,  the  system  of 
classification,  and  the  concise  and  compact  arrangement  and  style 
of  description.  Changes,  however,  of  more  or  less  importance  are 
made  at  many  points,  and  in  certain  directions  the  work  has  been 
done  over  again  from  the  foundation. 

Some  details  in  regard  to  the  work  are  here  condensed  from  the 
Preface.  On  the  crystallographic  side  it  has  been  the  attempt  to 
trace  back  to  the  original  observer  the  fundamental  angles  for  each 
species,  then  the  axes  have  been  recalculated  from  thoni,  and  finally 
tne  important  angles  for  all  common  fornis  have  been  calculated 
(anew,  m  every  case),  from  these  axes.  The  lists  of  forms  have  been 
made  up  as  completely  as  possible  from  the  original  authorities, 
with  the  symbols  on  both  the  systems  of  Miller  arid  Naiunann, 
though  the  preference  is  given  to  the  former.  References  to  the  au- 
thors are  given  freely ;  and  these,  with  the  others  relating  to  the  his- 
tory of  the  names,  and  further  those  in  connection  with  the  lists  of 
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RDalyse8,preMDt  a  fairly  complete  literature,  in  coin|>act  form,  for 
each  species.  Where,  in  the  case  of  oorumon  species,  theUteratnreii 
very  voluminous  and  has  been  carefully  worked  up  by  some  author, 
this  source  of  minuter  detail  is  also  indicated.  Of  the  ligaret, 
about  1400  in  number,  all  but  very  few  of  tlioae  in  the  body  of 
the  work  have  been  made  anew  and  a  large  part,  particalirly 
those  illustrating  American  species,  have  been  drawn  from  origiml 
data.  The  habits  of  the  crystals,  methods  of  twinning,  and  th« 
physical  characters,  eapecialfy  those  od  the  optical  aide,  nave  been 
carefully  rewritten  and  in  general  are  given  with  moch  fnlneu. 
In  the  lists  of  analyses,  the  plan  has  been  to  give  all  that  are  use- 
fal  for  a  complete  understanding  of  the  compositiou  of  each  spedea 
This  means  all  reliable  analyses  in  the  case  of  the  rare  species  or 
those  of  complex  composition,  but  in  the  case  of  some  common 
apecies  only  the  most  important  and  typical  are  selected;  alio 
where  the  old  analyses  have  been  largely  superseded,  in  conse- 
quence of  the  more  accurate  results  of  new  chemical  methodi, 
reference  is  made  for  them  to  the  former  edition.  In  this  and  in 
other  directions  the  preceding  edition  must  still  retain  its  impor- 
tance in  the  history  of  the  science, 

9,  On  the  supposed  occurrence  of  Ptatinvm  in  N'ortk  Caro- 
lina.— Prof.  F.  P.  Vbn'able  lias  made  a  critical  examination  of 
the  evidence  upon  which  the  often  repeated  statements  rest,  that 
platinum  has  been  found  in  North  Carolina.  The  conclusion 
reached  is  that  this  evidence  (based  chiefly  upon  the  report  of 
Sbepard)  has  very  slight  value.  Recent  careful  attempts  to  find 
platinum  in  the  gold  washings  liave  failed.  The  only  definite 
account  of  its  occurrence  is  that  of  Clingman,  reported  by  Shepard, 
which  is  far  from  being  conclusive. — Juurn.  MlMia  Mitchell  Set. 
Soc,  vol.  viii,  Pt.  II. 

10.  A  Suniniart/  of  Progress  in  Minernlogy  and  Peirography 
in  1881,  by  W,  S.  Baylev. — Professor  Bayley's  notes  reprinted 
from  the  pages  of  the  monthly  issues  of  the  "American  Nata- 
ralist"  give  a  iiselul  record  of  the  year's  work  in  Mineralosry  and 
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the  Annual  Report  is  increased,  as  usual,  by  the  republication  of 
various  recent  scientific  papers  of  diflicult  access  to  most  inter- 
ested readers  besides  Reports  of  Progress  in  some  departments. 
The  latter  include  Reports  on  the  Progress  of  Astronomy  for  1889, 
'90,  by  W.  C.  WiNLOCK,  and  on  tlje  Progress  of  Anthropology 
by  O.  T.  Mason  :  also  papers  On  the  Age  of  Bronze  in  Egypt  by 
O.  MoNTSLius ;  the  prehistoric  races  of  Italy  by  Canon  I.  Taylor; 
On  the  Antiquity  of  Man  by  John  Evans;  On  Temperature 
and  life  by  H.  de  Varigny  ;  the  researches  of  Dr.  R.  K<knig  on 
the  physical  Basis  of  Musical  Harmony  by  Prof.  S.  P.  Thompson  ; 
On  the  Physical  Structure  of  the  Earth  by  II.  Hexnkssy  ;  On 
Color-vision  and  Color-blindness  by  R.  B.  Cauter,  and  others. 
The  Report  of  the  National  Museum  contains,  besides  many 
other  papers,  a  full  account  by  Wm.  J.  Thompson  of  the  U.  S. 
Navy,  of  Easter  Island,  its  people,  geology,  antiquities,  and 
hieroglyphic  tablets  with  their  interpretation,  illustrated  by 
many  tine  plates  and  occupying  over  100  pages  ;  a  paper  on 
Aboriginal  Skin-dressing,  with  many  illustraticms,  by  O.  T. 
Mason;  on  Animals  recently  extinct  or  threatened  with  extcrmi- 
nation  by  F.  A.  Lucas,  with  many  plates,  among  these  a  colored 
plate  (facing  p.  047)  of  the  "Tile  Fish,"  the  most  remarkable 
case  of  extinction  on  record,  reported  upon  by  Prof.  Verrill  in 
1882  in  this  Journal,  xxiv,  360,  and  in  1884  by  J.  W.  Collins  in 
the  Report  of  the  Commissioner  of  Fish  and  Fisheries  for  1882, 
Washington,  1884.* 

The  volume  closes  with  a  list  of  the  publications  of  the  Museum 
during  the  year  ending  with  June  30,  1889. 

2.  Boston  Societt/  of  yatural  History. — A  (J rand  Honorary 
Prize,  placed  at  the  disposal  of  the  Boston  Society  of  Natural 
History  by  the  late  Dr.  William  J.  Walker  "for  such  investiga- 
tions or  discovery  as  may  seem  to  deserve  it,  provided  such  inves- 
tigation or  discovery  shall  have  been  made  known  or  published  in 
the  United  States  at  least  one  year  previous  to  the  time  of 
award,"  has  been  unanimously  awarded  to  Professor  James  D. 
Dana.  This  prize,  of  the  maximum  sum  of  one  thousand  dollars, 
is  given  *'  in  recognition  of  the  value  of  the  scientific  work  of 
Professor  Dana  and  in  testimony  of  the  Society's  high  apprecia- 
tion of  his  services  to  science." 

For  the  annual  Walker  Prizes,  a  first  ]»rize  of  one  hundred  dol- 
lars has  been  awarded  to  Baron  Cnrard  de  (TCtr,  of  Stockholm, 
for  an  essav  entitled  *'0n  Pleistocene  cluinjjjcs  of  level  in  eastern 
North  America,"  and  a  second  prize  of  fifty  dollars  to  Prof.  Wil- 
liam M.  Davis  of  Cambridge,  for  an  essay  on  '*  The  subglacial 
origin  of  certain  eskers." 

3.  Proceedings  of  the  Colontdo  Scie)t(i/f''  ^Socif^tf/,  vol.  iii,  Pt. 
3,  1890. — This  concluding  part  of  the  third  volume  published  by 
the  Colorado  Scientific  Society  contains  a   number  of  valuable 

♦Prof.  Verrill,  in  a  paper  in  18<<1  (this  JoiifuhI,  xiii.  295)  states  that  a  ningle 
"trawl  line"  in  the  summer  of  1880  brought  up  73  of  these  lislies,  wcigliing  541 
pounds,  and  varying  in  weight  from  2|  to  31  pounds.  The  color  which  he  gives 
is  "  brownish  gray,  more  or  less  covered  with  bright  yellow  spots." 
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papers,  inclnding  :  On  the  Geology  of  the  Rosita  Hills  by  W, 
Orosa ;  on  the  nature  of  the  chemictfelements  by  C.  S.  Palmer;  on 
the  cotumbite  and  Untalite  of  the  Black  Hills  by  W.  P.  Headdeo 
andothere.  The  address  of  the  retiring  President,  R.  C  Hills,  on 
the  orographic  and  stractural  features  of  the  Rocky  Moanuin 
Geologjr,  a  paper  of  much  interest,  fills  the  last  one-faandred  pages, 

4.  Volcatto  of  Kilauea,  Hawaii, — Reports  from  Kilaufa  in 
the  Hawaiian  Gazette  of  Feb.  23,  state  that  the  great  basie  ot 
Hatemaumau  in  the  Boutheni  part  of  the  crater  of  Kilanea,  con- 
tains a  lake  of  lava  1300  feet  in  diameter,  almost  the  whole  snr^ 
face  of  which  is  in  constant  action. 

5.  Physiography :  a.  class  book  for  the  Elementary-  Stage  of 
the  Science  and  Art  Department  by  J.  Spbnckb,  B.Sc.,  FrC.S. 
229  pp.  London,  1881  (Percival  and  Co.). — The  many  subjects 
embraced  under  the  head  of  Physiography  are  treated  in  this  Httie 
book  clearly  and  Biraply  but,  of  necessity,  with  great  brevity. 

6.  A  universal  English- German  and  Qerman-English  Dic- 
tionary by  Dr.  Felis  FlCgel.  Fourth  entirely  remodelled  edi- 
tion of  Dr.  J.  G.  FlOgel's  Complete  Dictionary  of  the  English  and 
German  Languages.  Braunschweig,  1890-1892,  (George  Wesler- 
mann.) — This  great  work  is  now  completed  in  three  large  volumes, 
of  which  the  English-German  part  forms  the  first  two  and  the 
German-English  part  the  third.  It  has  been  a  most  laboriouG 
undertaking  earned  through  with  untiring  scholarly  effort  and 
the  final  result  is  moat  Hatisfactory  and  reflects  great  honor  upon 
the  author. 

7.  The  Ward  Collection  of  Meteorites,  "iA  pp.  Bvo.  Rochester, 
K.  Y.— This  catalogue  gives  a  descriptive  price  list  of  the  meteor- 
ites in  the  Urge  collection  of  Ward's  Xatural  Science  Establish- 
ment at  Rochester  ;  casts  of  a  number  of  specimens  are  also  in- 
cluded. Detailed  descriptions  with  illustrations  are  given  of  a 
number  of  the  meteorites,  as  La  hella  Roca,  the  Rockwood, 
Hamilton  Co.,  Texas,  Puquois,  Chili,  WashiugtoD  Co.,  Kansas, 
and  (Hhers. 


APPENDIX. 


Art.  XLVIII. — yote^  on   Triaxsir  Dlnoxafiria ;    by  O.    C. 
Marsh.    (With  Plates  XV,  XVI,  and  XVII.) 

The  preseucc  of  Dinosaurs  in  the  Trias  is  indieated  by 
many  footprints,  and  various  bones,  nearly  all  of  which  are 
fragmentary.  Tlie  footprints  were  Ion;:;  sup[)osed  to  be  those 
of  oirds,  while  the  osseous  remains  were  most  of  them  not 
sufficiently  characteristic  to  admit  of  determination.  Three 
or  four  specimens  in  this  country,  however,  and  as  many  more 
in  Europe,  each  with  characteristic  parts  of  tiie  skeleton,  liave 
been  known  for  some  time.  These  prove  the  Dinosaurian 
nature  of  the  animals  beyond  question,  but  throw  little  light 
upfm  their  exact  affinities.  Recently,  the  writer  hius  obtained 
from  tlie  Connecticut  River  sandstone  the  greater  part  of  three 
skeletons  of  small  Dinosaurs,  all  of  much  interest.  Some 
portions  of  these  have  already  been  described,*  and,  in  the 
present  paper,  additional  remains  arc  figured,  and  with  them  a 
few  nearly  allied  fossils  from  European  localities.  The  Triassic 
Dinoaauria  as  a  whole  will  be  discussed  by  the  writer  in  a 
later  communication. 

A  nch  isaurus  adnruH. 

The  type  specimen  of  this  species,  one  c^f  the  most  perfect 
Dinosaurs  ever  discovered,  has  now  been  worked  out  of  the 
hard  matrix  in  which  it  was  imbedded,  and  tlie  skull  and  limbs 
are  represented  in  the  accompanying  [)lates. 

The  skull  was  somewhat  cruslied  and  distorted,  but  its  main 
features  are  preserved,  and  its  more  important  characters  (tan 
be  determined  with  certainty.  In  Plate  XV,  tigurti  1,  aside 
view  is  given,  one-half  natural  size.  One  prominent  feature 
shown  in  this  view  is  the  ])ird-]ike  character  of  tlic  skull. 
The  nasal  aperture  {a)  is  small,  and  well  foiwanl.  There  is  a 
large  antorbital  o[)ening  (//),  and  a  verv  large  orbit  {(>).  This  i.'s 
elongated  oval  in  outline.  It  is  bounded  in  front  by  the  pre- 
frontal, above  by  the  same  bone,  and  a  small  extent  of  the;  frontal, 
and  further  back  by  tlui  postfrontal.  The  postorbital  com- 
pletes the  orbit  behind,  and  the  jugal,  below.  The  supra- 
temporal  fossa  (//j  is  large,  and  somewhat  triangular  in  outline. 
The  infratemporal  fossa  is  (piite  large,  and  is  bounded  below 
by  a  slender  quad ratojugal.  The  <|uadrate  (q)  is  much  iiiclined 
forward.     The  teetli  are  remarkable   for  the  great  number  in 

*T)ii8  Jouruul,  vol.  xxxvii,  p.  3.'U,  April,   1SS9:  ami  vol.  xlii,  p.  2G7,  Septem- 
ber, 1891. 
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Dse  at  one  time  Tlioee  of  the  upper  jaw  are  incline<)  forwiri. 
while  those  below  are  nearly  vertical.  The  lower  jaw  Iia»  the 
same  general  features  of  tliis  irart  in  the  'Jfren/juHln. 

In  Plate  XVI,  figures  1  ano  2,  tlie  same  skull  is  libown,  alw 
one-half  nataral  size.  Tlie  to|)  of  the  skull,  repre(iente<i  in 
figure  1,  it!  coiisiderahly  lirukcn,  and  this  has  made  it  difficult 
to  trace  the  sutures,  hut  the  general  form  and  proportions  uf 
the  upper  surface  are  fairly  represented.  In  ti^nre  2,  <nily 
the  back  portion  of  the  cranium  is  shown.  The  furamen 
magnum  w  remarkably  large,  and  the  occipital  condyle  is  small 
and  obli<jue.     The  basipterygoid  processes  are  nnueuallv  Ai^rt. 

The  neck  vertebra"  are  lonjj  and  slender,  and  very  uollow. 
Their  articular  ends  u|ipear  to  lie  all  plane  or  slightly  concave. 
The  trunk  vertebnv  are  more  robust,  hut  their  centra  are 
quite  long.     The  sacmls  appear  to  l>e  three  in  nuuihcr. 

The  scapular  arch  is  well  preserved.  The  scapula,  shown  in 
Plate  XV,  figure  y.  t,  is  very  long,  with  its  npper  end  obliqueh 
truncated.  The  eontcuid  ('.)  is  unusually  small,  and  imper- 
forate. The  sternum  was  of  cartilage,  some  of  which  i^ 
preserved.  The  humerus  (Al  is  of  the  same  length  as  the 
scapula,  and  its  shaft  is  very  hollow.  The  radius  arid  ulna  are 
also  both  hollow,  and  nearly  ecjual  iu  si/.e. 

There  is  lint  one  carjwl  bone  ossified  in  this  specimen,  and 
this  is  below  the  ulnii.  There  were  five  digitD  in  the  mann». 
but  only  three  of  functional  iii)|>ortance,  the  first,  second,  anil 
third,  all  armed  with  sharp  claws.  The  fifth  (V)  wai*  nuitc 
rudimentary.  The  fore  foot  of  the  ty[>e  species  of  Ati'-hi 
aaunm  is  shown  une-half  natural  size,  on  Plate  XVI,  figure  'A. 

The  pelvic  hones  are  shown  in  figure  'A  of  Plate  XV. 
The  ilium  [j.1)  is  small,  with  a  slender  preacetabular  procerf. 
The  ischia  (In)  are  elongated,  ami  their  distiri  ends  slender.  hikI 
not  expandfil  al  \.\\<-  L-xtrcmity.     The   pul.cs  |  y/j  .ii.i  id^n  lorii;. 
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On  Plate  XVI,  figure  4,  is  shown  the  hind  foot,  also  one- 
fourth  natural  size,  of  Ammosau)*^tH^  a  genus  nearly  allied  to 
A7whisaunis.  In  this  foot,  the  tarsus  is  nnich  more  complete. 
The  astragalus  has  a  slight  ascending  ])rocess,  the  calcaneum 
is  closely  applied  to  the  end  of  the  fibula,  and  there  are  three 
well-developed  bones  in  the  second  row.  The  fifth  digit  had 
only  a  single  phalanx.  The  sacrum  and  ilia  of  the  type 
species  of  A7fwwmurux  are  shown  on  Plate  XVII,  figure  3. 

Anchisaurus  solus,  sp.  nov. 

A  fortunate  discovery  has  recently  brought  to  light  almost 
the  entire  skeleton  of  a  diminutive  Dinosaur,  which  may  be 
referred  to  Afio/iisaurnSj  but  clearly  ])elongs  to  a  distinct 
species.  It  was  found  in  nearly  the  same  horizon  as  the 
remains  above  described,  and  in  the  immediate  vicinity,  so 
there  can  be  little  doubt  that  it  was  a  contemporary.  The 
skeleton  is  imbedded  in  a  very  coai^se  matrix,  so  ditficult  to 
remove  that  the  investigation  is  only  in  part  completed.  The 
portions  uncovered '  show  the  animal  to  have  been  about  three 
feet  in  length,  and  of  very  delicate  proportions.  The  bones 
of  the  skeleton  are  almost  all  extremely  light  and  hollow,  but 
most  of  them  are  in  fair  preservation. 

The  skull,  so  far  as  it  can  now  be  observed,  resembles  the 
one  just  described.  The  teeth  are  numerous,  and  inclined 
forward.  The  orbit  is  very  large.  The  quadrate  is  inclined 
forward,  and  the  lower  jaw  is  robust.  The  entire  skull  is 
about  65"*"*  in  length,  and  the  lower  jaws  the  same. 

The  neck  was  very  long  and  slender,  the  first  five  cervicals 
measuring  80"*™  in  extent.  The  dorsals  are  also  elongated, 
the  last  six  covering  a  space  of  185"*"".  "^riie  number  of  verte- 
bne  in  the  sacnim  cannot  vet  be  determincMl.  The  caudal 
vertebne  are  short,  the  first  ten  occupying  a  space  of  140"'"'. 

The  humerus  has  a  very  large  ra<lial  crest,  and  is  f>r>"""  in 
length.  The  rest  of  the  fore  limb,  su  far  as  made  out,  is 
similar  to  those  in  the  species  described.  The  tibia  is  about 
88"*"*  in  length.  There  were  five  digits  in  the  hind  foot,  but 
the  fifth  is  represented  only  by  the  rudinieiitarv  metatarsal. 
The  animal  when  alive  was  about  as  large  as  a  small  fox. 

The  European  Triassie  l)iii(»saurs  with  which  the  above 
American  forms  may  be  comjnired  are  inainly  re[)resente(l  by 
the  two  genera  Tliecodimtih^ini rns,  Ivilcy  and  Stutchbury, 
from  the  upper  Trias,  or  Uha»tic,  near  Bristol,  in  En<^land, 
and  l^lateoBauruH  {Ziinch>fl(m\  v<»n  Meyer,  from  nearly  the 
same  horizon,  in  Germany.  The  writer  has  investigated  with 
some  care  the  type  specimens,  and  nearly  all  the  otiier  known 
remains  of  these  genera  found  at  these  localities. 
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The  remaina  of  Tha&)dQnio»auraH  sre  of  special  interest  I* 
comparisoD,  and  a  portion  of  tli«  skull  is  ^iven  on  Plate  XVII, 
lif^iireB  1  and  2,  and  the  fore  leg  on  Plate  XVI,  iigure  i 
For  these  remains,  the  writer  is  indebted  to  the  trustees  of  the 
Bristol  museum.  The  base  of  the  skull  shown  on  Plate  XVll 
differs  in  several  important  respects  from  that  of  Anchm^- 
rue,  particularly  in  its  extended  paras phenoid,  and  the  very  lung 
basipterjgoid  processes.  The  fore  leg  as  a  whole,  especiiilj 
the  fore  foot,  is  much  like  that  of  AnchiHauviot,  Imt  in  the 
latter,  the  coracoid  is  very  small,  and  without  a  foramen.  In 
ThecodontOHi'iurits,  it  is  much  larger,  has  a  foramen,  and  is 
coussitied  with  the  scapula. 

Phtf^osatirus  {ZaticfrnfoH)  includes  reptilian  forms  much 
larger  than  those  dcBcril)ed  above.  The  pubis  and  ischia  both 
serve  to  dixtingnish  tiiis  genus  from  the  Amertean  and  British 
forms.  The  ischia  have  their  distal  ends  expanded,  as  seen  in 
Plate  XVJI,  while  the  put>es  are  broad,  imj>erfonite  plates. 

Tiie  further  discussion  of  these  remains  and  of  the  utlitr 
Dinosaurs  from  the  Triassic  will  be  given  elsewhere. 

flew  llHTon.  Conn..  Muy  24.  18U2. 
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FioUHR  ].— Skull  of  Aachintiuru!  ailnnui.  Ume-U;  Me  view.  Cue-half  naluntlnn. 
a.  na»»l  openinB;  b,  anlorbiul  opening ;  ft/.,  basipt^rygoid  prowls: 
I',  lower  Ivmponil  foiiMH;  d.  ilp]>er  tompoml  foKiuii  /,  froitlal :  /  jiipil: 
H,  dhiihI;  o,  urliit;  m,  oitipital  eoiidylo;  ji,  iMtriotiil ;  ji'.  parun^ptriJ 
|inieeii»;  ji/,  prefronUil ;  pm,  preiuaiillaiy ;  /..i.  piinipphenuiii :  i. 
qiuiilrule;  m.  Ri]|iruo(i'i|>ita]. 

KiciL'Ri:  ■!, — Ronivof  loft  fore  IrKu'^iiDoiiidividnnl;  otitwitc  view.  c.  I'niai'uid;  A. 
ImnieriiH;  i-,  rmlMis;  s.  umpiilu  ;  a.  iiliiu  ;   I.  hnit  itiKit:    V.  Ilfth  ilipl. 

Kliil'BK  :i. — UuneK  of  leFI  liiiid  luj;  iif  xaiiio  iuilividual:  oii^ide  vicv.  Bolii 
dKureH  are  nno-fourtli  uutiiral  aiio.  a,  Mtragalue ;  c.  laleaneuru: .' 
femur;  /*,  Bbnla;  iV,  iltuni ;  t«.  tBchliim; 
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Canada,  geol.  survey.  77. 
Chemical  Technology,  Wagner,  536. 

Theory.  Introduction  to,  Scott,  162. 
Chemical  Works: 

Armstrong  and  Norton,  535. 

Barker,  15H. 
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Peru,  astronomical  expeditious,  240. 
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Weiaaniann,  A.,  Ksaajs  upon  Heredity, 


Wall  at  Wheeling.  W,  Ta.,  Hallock.  231 

Wella.  n.  L..  cnaium  tribalides.  IT;  ru- 
bidium and  potassium  tribalides,  47.). 

Wheeler,  H.  L..  rubidium  aud  potassium 
tribalides.  415. 

White,  C.  A.,  Bear  River  formation.  91. 

White,  I.  C.  atratiaraplir  of  the  bituai- 
inoua  coal  field  of  PenDaylTania.  Ohio. 
and  W.  Vlrgiuia,  IfiS. 

WbitSeld.  R.  P.,  Cretaceous  fosails  ol 
Syria,  159. 

Whymper.  E.,  Appendix  to  Trarel-- 
amongst  tin?  Aodes,  43G. 

Wilde'a  explication  of  terrestrial  m 


i,Baue 


496. 


Williaina.  G.  H.,  Baltimore  and  the  ^- 
ology  of  its  envitoDf.  435. 

Williams,  .1.  F.,  igneous  rocks  of  Ar- 
kansas, I  39. 

Winalow.  A.,  flexibility  of  limestont. 
133;  coal-deposiis  of  Missouri,  4!)3. 

Wright,  G.  F.,  interglocial  submergentt 
in  Kngland,  1. 

Wj'att.  F.,  Phosphatea  of  AmericH.  79 


Am.  Jour.  Sci.,  Vol.  XLIII.  1892. 


Meteoric  Iron  from  Garrett  Co.,  Md,     Kig.  1,  Hicliod  siirfact.     Fig.  2,  Kntire 
Original  weight,  45  M.     Present  weight,  36^  oz. 


a 


.i 


i 


<  f 


■  1 


I  \ 
I 


■  I  ■ 


}  : 


Am.  Jour.  Sci.,  Vol.  XLIII, 


I 

■i 


■1 

I 

■'I 


<''s8*7omn«. 


■V. 


i 

i 

« 
& 

J 

I 


ii 


i 


;i 


jt   - . 


Am.  Jour.  Sci..  Vol.  XLIII, 


Map  ol'  the  Ut  St.  Elias  KegiOD.     Scale  IC  miles  to  the  incli. 


1 


Am.  Jour.  Sci..  Vol.  XLIII,  1892. 


Plate  V. 


a 


1. 


bxi 


Cxi 


r/is 


bxi 


a 


"^ 


2. 


Cxi 


dxi 


&«« 


j^^iii4't 


hxi 


3. 


CaV 


^ 


4. 


ri« 


ex9 


exs 


•^;:^  ■• 


/*.» 


(hi 


dm 


a 


a 


a 


hx'i 


hx'i 


»    ^g^ 


C\i 


6. 


rr-' 


(^ 


i. 


AifEKicAN  Cretaceous  Mammals. 


dxi 


dx': 


Am.  Jour.  Sci.,  Vol.  XLIII,  1892. 


Plate  VI. 


a 


a 


bxii 


1. 


fx2 


2. 


(IxH 


exs 


^ ^ ^ « 


a 


fe 


a 


bx2 


h 


bxZ 


cxS 


dxs 


ex3 


a 


bx2 


5. 


cx*2 


4. 


Cx2 


dxH 


^ \s 


dx2         a 


r>. 


^x3 


CxS 


dxs 


fid       '^^^^^^ 


a 


a 


bx2 


^ ^ 


C%2 


S 


r/x.1 


»Ui. 


fx2 


^ 


8. 


a 


?>x3 


rx3 


(/x;5 


5^- 


!>. 


6x2 


r\i 


(1x2 


American  Cretaceous  Mammals. 


^ 


."Hi 


i  \ 

•< 

■■  i 

;  ! 


Am.  Jour.  Sci..  Vol.  XLIII,  1892. 


Plate  VII. 


1. 


dtz  cx2 


6x2 


a         a  hn  m  dx'i 


6 --ft ^-*  fl   ^   S 


.3. 


a 


6x3 


CTCi 


(1x3 


a 


bxZ 


cxs 


& 


bxS 


5. 
CX8 


^ 


6. 


a 


5x3 


c/x3 


^ 


(/x3 


exs 


cx2 


dx2 


<3 ^ ^ «a 


a 


bx2 


7. 
Cx2 


rfx'i 


e\'i 


f 


<^ 


8. 


a 


6x3 


rx3 


</x:i 


fx3 


t 


m 


American  Crbtaceous  Mammals. 


Am.  Jour.  Sci..  Vol.  XLIII,  1892.  _     _f' ■t"_^J^I^ 

u  hia  r.2  (/»j 

^     €> "f      ^ 

2. 

a  i«  r'*  ''»■■' 

^-- ^ ^- f - ca 

3. 
cxa  dxi  '■xi 

"f i ^ 

f  fr  ^ 

e. 

dn  CXI  bi2  a 

AXEBICAN  CBBTACBOUS   Ma) 


9 


Am.  Jour.  Sci.,  Vol.  XLIII,  1893. 


1 


AMEKICAS   CRTtACBODa    MAinrALS. 


r 


.11 


1P 


Am.  Jour.  Scr.,  Vol,  XLIll,  t893. 


^ 


Ahbricak  CuTiOEuca  Mammals. 


Am.  Jour.  Sci.,  Vol.  XLIIl,  1892. 


Plate  X. 


1. 


ba 


cxs 


(2xs 


4> 


&s3 


2. 


d^i 


e«3 


^ ^    ^     i^ 


3. 


(u 


Cm» 


^ 


A 


^(A/ 


1/ 


4. 


&xS 


6. 

CzS 


iil 


6. 


a 


&<« 


5^!^ 


(fx3 


ei3 


a  &x3  0x1  (fss  e*» 

* '^ # ^ A 


dx3 


e«3 


il 


Cx-J 


a 


6x3 


rx3 


rf»3 


American  Cretacsgus  Mammals. 


Am.  Jour.  Sci.,  Vol.  XLIIIJ892. 


Plate  XI. 


1. 


ba 


da 


exi 


f 


f 


2. 


a  b*s 


CxZ 


dxz 


6x8 


9- 


^ 


3. 


b*9 


C*9 


ex'i 


# 


m 


4. 


5. 


b,9 


Crt 


drt 


bxt 


f 


c. 

a  2>zv  cx9 


0 


(( 


7. 


8. 


a 


bxi 


CMi 


(/x3 


ex^ 


« ^ «s 9! f 


9. 


a 


6x3 


Cx3 


e/x3 


^ 


^.-"C^ 

&^*^ 


Amsbioan  Obitacbous  Mahxals. 


Am.  Jour.  Sci.,  Vol.  XLIII,  1892. 


Plate  XI. 


a 


bx9 


T 


f 


1. 


CxS 


d*a 


IT 


€x3 


a 


6x3 


"9 


2. 


Cz3 


dxti 


6x3 


a 


6x2 


# 


4. 


&x:; 


3. 


Cx8 


dx« 


Cxa 


dxs 


a 


^^ 


a 


G. 

6xV  Cxli 


6x2 


M 


&x3 


U 


7. 
6x3 


Cx2 


o 


8. 


a 


6x3 


Cx3 


dxs 


6x3 


«      9^       «S       9t       ^ 


9. 


a 


6.3 


Cx3 


rfx.l 


<© 


Amerioan  Cretaceous  Maumals. 


.  1.— An  ctdie<l  Hd-rioii  el  the  nifteoric  irun  IWiiii  Klovil  Miiiititaiii.  In  tliis  Ihu 
edral  Ertnieturf  Df  i\n-  inm  is  proTiiiiiont  on  a  liirp.'r  jBirt  of  tlip  surface.  In  a  lew 
thin  is  lirokeii  by  the  timuuliir  purticIcM.  Very  prointnent  are  (lie  parullel  murk- 
f  the  elun)[at«4l  rhiilidito  cryntalH. 

,  'i. — A  similtir  etehcil  tieelton  trom  nearer  the  interior  uf  tJie  mam.  In  thia  mass 
anular  juirtielefl  are  mora  plentiftiL  The  shoen  ia  more  apparent  in  diagoaiil  bands. 
,  3. — A  nalurel  nizcd  view  of  the  meteoric  iron  of  Siena  de  la  Ternera,  showiiit; 
'ger-like  niHrkinf;^  and  depieaBiona  with  which  flie  eaftro  'n«M>.v&  wwcwft- 
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